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(54) METHOD DISPLAYING IMAGE OF ELECTRO-OPTICAL DEVICE 
(57)Abstract: 

PURPOSE: To obtain a gradation display system capable of 
controlling by a digital signal and with little influence due to 
dispersion between elements with respect to gradation display in 
an electro-optical device. 

CONSTITUTION: In an active matrix type electro-optical device 
constituted so that a so-called deformation inverter type 
conplimentary electro-optical field- effect element is used and 
whose output terminal is connected to a pixel electrode, the 
visual gradation display is obtained by controlling optionally a time 
when a voltage is applied to the pixel while applying periodically a 
pulse to the power supply terminal, applying the voltage is applied 
to an input terminal, or interrupting the voltage. 
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CLAIMS 



[Claim(s)] 

[Claim 1] a substrate top — the signal lines X1 and X2 of N book, and .. Xn and .. XN the signal lines Y1 
and Y2 of M book which intersects perpendicularly with it, and .. Ym and .. YM With wiring formed in the 
shape of a matrix In the crossing field of each matrix, at least two N channel mold thin film transistors 
and at least two P channel mold thin film transistors, It has ZMN. the pixel Z1 1 prepared in the crossing 
field of each signal line, Z12, and ... Zmn and ... The I/O edge of the 1st P channel mold thin film 
transistor and the 1st N channel mold thin film transistor is connected. This is connected to said pixel 
electrode. Other I/O edges, respectively The I/O edge of the 2nd P channel mold thin film transistor, It 
connects with the I/O edge of the 2nd N channel mold thin film transistor. The I/O edge of another side 
of said 2nd P channel mold thin film transistor signal lines Y1 and Y2 and .. Ym and .. YM One signal line 
Ym It connects. About the I/O edge of another side of said 2nd N channel mold thin film transistor, it is 
said signal line Ym. Were prepared next, signal lines Y1 and Y2 and „ Ym and YM One signal-line Ym+1 
Connect and the gate electrode of said 1st N channel mold thin film transistor and the 1st P channel 
mold thin film transistor is connected in common, signal lines X1 and X2 and Xn and .. XN one 
connecting — the gate electrode of said 2nd P channel mold thin film transistor — said signal-line 
Ym+1 It connects, the gate electrode of said 2nd N channel mold thin film transistor — said signal line 
Ym the connected electro-optic device — setting — time amount TO from — T1 setting — signal line 
Xn While adding with an electrical potential difference signal line Ym The process in which a signal 
shorter than time amount (T1-T0) is added, and time amount T2 In T3 (T3 > T2) from — signal line Xn 
without it applies an electrical potential difference — signal line Ym **** — the process in which a 
signal shorter than time amount (T3-T2) is added — having — short [ to a pixel electrode ] therefore — 
time amount T1 from — T3 up to — the method of presentation characterized by realizing the condition 
that the electrical potential difference was built. 

[Claim 2] a substrate top — the signal lines X1 and X2 of N book, and .. Xn and .. XN the signal lines Y1 
and Y2 of M book which intersects perpendicularly with it, and .. Ym and .. YM With wiring formed in the 
shape of a matrix In the crossing field of each matrix, at least two N channel mold thin film transistors 
and at least two P channel mold thin film transistors, It has ZMN. the pixel Z1 1 prepared in the crossing 
field of each signal line, Z12, and ... Zmn and ... The I/O edge of the 1st P channel mold thin film 
transistor and the 1st N channel mold thin film transistor is connected. This is connected to said pixel 
electrode. Other I/O edges, respectively The I/O edge of the 2nd P channel mold thin film transistor, It 
connects with the I/O edge of the 2nd N channel mold thin film transistor. The I/O edge of another side 
of said 2nd P channel mold thin film transistor signal lines Y1 and Y2 and Ym and YM One signal line 
Ym It connects. About the I/O edge of another side of said 2nd N channel mold thin film transistor, it is 
said signal line Ym. Were prepared next, signal lines Y1 and Y2 and Ym and .. YM One signal-line Ym+1 
Connect and the gate electrode of said 1st N channel mold thin film transistor and the 1st P channel 
mold thin film transistor is connected in common, signal lines X1 and X2 and .. Xn and .. XN one 
connecting — the gate electrode of said 2nd P channel mold thin film transistor — said signal-line 
Ym+1 It connects. The gate electrode of said 2nd N channel mold thin film transistor is said signal line 
Ym. In the connected electro-optic device The method of presentation characterized by performing a 



gradation display by making pulse width adjustable in the method of presentation which displays a signal 
when a pulse period adds the pulse of 30 or less msecs to a pixel electrode. *•■*-. 
[Claim 3] a substrate top — the signal lines X1 and X2 of N book, and .; Xn and XN the signal lines. Y1 
and Y2 of M book which intersects perpendicularly with it, and Ym and .. YM With wiring formed in the 
shape of a matrix In the crossing field of each matrix, at least two N channel mold thin film transistors 
and at least two P channel mold thin film transistors, It has ZMN. the pixel Z1 1 prepared in the crossing 
field of each signal line, Z12, and ... Zmn and ... The I/O edge of the 1st P channel mold thin film 
transistor and the 1st N channel mold thin film transistor is connected. This is connected to said pixel 
electrode. Other I/O edges, respectively The I/O edge of the 2nd P channel mold thin film transistor, It 
connects with the I/O edge of the 2nd N channel mold thin film transistor. The I/O edge of another side 
of said 2nd P channel mold thin film transistor signal lines Y1 and Y2 and .. Ym and .. YM One signal line 
Ym It connects. About the I/O edge of another side of said 2nd N channel mold thin film transistor, it is 
said signal line Ym. Were prepared next signal lines Y1 and Y2 and .. Ym and .. YM One signal-line Ym+1 
Connect and the gate electrode of said 1st N channel mold thin film transistor and the 1st P channel 
mold thin film transistor is connected in common, signal lines X1 and X2 and .. Xn and .. XN one — 
connecting — the gate electrode of said 2nd P'channel mold thin film transistor — said signal-line 
Ym+1 It connects. The gate electrode of said 2nd N channel mold thin film transistor is said signal line 
Ym. In the connected electro-optic device signal line Ym of arbitration **** — while a signal's being j 
added periodically and this signal are added — signal line Xn of arbitration With the process repeated 
two or more times, making an electrical potential difference into the condition of having been added then, 
signal line Ym **** — while adding the signal periodically and having added said signal — signal line Xn 
The method of presentation characterized by having the process which repeats changing into the 
condition that an electrical potential difference is not added two or more times; 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Application of the Invention] This invention relates to the gradation method of presentation for 
obtaining the expression of an in-between color tone or a shade especially in the image display approach 
in the liquid crystal electro-optic device which used the thin film transistor (it is called Following TFT) 
as a switching element for a drive. Especially this invention relates to the so-called perfect digital 
gradation display which performs a gradation display, without impressing any analog signals to an active 
component from the exterior. 
[0002] 

[Description of the Prior Art] Since dielectric constants differ from the matter property to a horizontal 
direction and a perpendicular direction to a molecule shaft, to external electrolysis, it arranges 
horizontally or a liquid crystal constituent can perform making it have arranged perpendicularly enough 
easily. The liquid crystal electro-optic device is performing the display of ON/OFF, i.e., light and 
darkness, using the anisotropy of this dielectric constant by controlling the amount of transmitted lights 
or the amount of dispersion of light. As a liquid crystal ingredient, the ingredient called TN (Twisted 
Nematic)i liquid crystal, STN (super twisted nematic) liquid crystal, a ferroelectric liquid crystal, polymer 
liquid crystal, or distributed liquid crystal is known. It is known that liquid crystal will require fixed time 
amount which will exist by the time it reacts and answers short time amount to foreign voltage at infinity. 
The value is peculiar to each liquid crystal ingredient, and, in the case of TN liquid crystal, in the case of 
several 10 msec(s) and STN LCD, is [ in the case of several 100 msec(s) and a ferroelectric liquid 
crystal ] several 10 msec(s) in the case of several 10microsec, distributed process input output 
equipment, or polymer liquid crystal. 

[0003] The active matrix was used for that from which the image quality which was most excellent 
among the electro-optic devices using liquid crystal is acquired. In the liquid crystal electro-optic device 
of the conventional active-matrix mold, TFT of the type of either P type or N type was used for one 
pixel at TFT using the semi-conductor of amorphous or a polycrystal mold, using a thin film transistor 
(TFT) as an active component. That is, generally the N channel mold TFT (it is called NTFT) is 
connected with the pixel at the serial. And when the signal was impressed to TFT prepared in the part 
where the signal line of a matrix and a sink and each signal line cross a signal level at right angles from 
both sides, it was what controls ON/OFF of a liquid crystal pixel according to an individual using TFT 
being in ON condition. By controlling a pixel by such approach, the large liquid crystal electro-optic 
device . of contrast is realizable. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in such an active matrix, it was very difficult to 
perform gradation displays, such as light and darkness and a color tone. Conventionally, the method 
using a gradation display changing the light transmission nature of liquid crystal with the magnitude of 
the electrical potential difference impressed was examined. This was what is going to apply the electrical 
potential difference of the magnitude to a liquid crystal pixel by supplying a suitable electrical potential 
difference from a circumference circuit between the source drains of TFT for example, in a matrix, and 



impressing a signal level to a gate electrode in the condition. 

[0005] However, also at the lowest by such approach, the electrical potential difference built over a 
liquid crystal pixel in fact for the heterogeneity of TFT or the heterogeneity of matrix wiring has changed 
also several% with each pixels, for example. On the other hand, for example, since the electrical- 
potential-difference dependency of whenever [ light transmission / of liquid crystal ] had very strong 
non-linearity and light transmission nature changed rapidly on a certain specific electrical potential 
difference, also in the difference which is several % even if, light transmission nature might differ 
remarkably. For example, in the case of TN liquid crystal, the potential difference of an ON/OFF 
condition was about 1.2V, and when 16 gradation was used as an achievement plug, the potential 
difference of liquid crystal needed to be controlled by precision of 75mV. Therefore, it was a limitation 
to attain 16 gradation in fact. 

[0006] Thus, it was very disadvantageous for a gradation display to be difficult, when competing with 

CRT (cathode-ray tube) whose liquid crystal display unit is the conventional common display. 

[0007] This invention aims at proposing the completely new approach for realizing the difficult gradation 

display conventionally. 

[0008] 

[Means for Solving the Problem] Now, although it said previously that it is possible to control the light 
transmission nature by controlling in analog the electrical potential difference applied to liquid crystal, 
this invention people found out that gradation could be obtained visually by controlling the time amount 
which the electrical potential difference has required for liquid crystal. 

[0009] For example, when TN (Twisted Nematic) liquid crystal which is a typical liquid crystal ingredient 
was used and the case where a rectangular pulse as shown by A was impressed in drawing 1 (a) was 
compared with the case where a rectangular pulse as shown by C is impressed, the direction of A found 
out the bright thing. Here, the period of a pulse was set to 1 msec. As a result, A was the brightest and 
was [ the following and ] the order of B, C, and D. This is a completely unexpected thing. Because, in 
the usual above-mentioned TN liquid crystal ingredient, the time amount of 1msec is too short, and TN 
liquid crystal does not react to such a short time. Therefore, it is impossible **** that liquid crystal 
realizes ON condition in any case. However, liquid crystal has realized in— between thickness in fact. 
[0010] About the concrete principle, a detail is not known yet. However, this invention people found out 
that a gradation expression was possible using this phenomenon. That is, when impressing a pulse to a 
liquid crystal ingredient with a period to which a liquid crystal ingredient does not react, realizing in- 
between brightness by digital control just considers as the description of this invention by controlling 
the width of face of a pulse. In the case of TN liquid crystal, the period of the pulse for obtaining such 
in-between concentration was understood that 10 or less msecs are required as a result of research of 
this invention people. 

[0011] Here, the semantics is clarified about a phrase called the period of a pulse. That is, in this case, 
although two or more pulses are continuously impressed to liquid crystal, the period of the pulse in this 
case means time amount after one pulse starts until the following pulse starts. Therefore, it becomes 
the inverse number of the repeat frequency of a pulse. Moreover, pulse width means the time amount 
which has a pulse in an electrical-potential-difference condition. Therefore, in drawing 1 , in the case of 
the pulse train of C, T is the period of a pulse, and tau is pulse width. 

[0012] The same effectiveness was seen also in polymer liquid crystal or distributed liquid crystal also in 
the ferroelectric liquid crystal also in STN LCD. When all added the pulse of a period shorter than the 
response time, it became clear that an in-between color tone is acquired. Namely, in STN LCD, in 10* or 
less msecs and a ferroelectric liquid crystal, when, as for 10 or less msecs and **** better **/ below 
10microsec and **** better ** added the pulse of the period of 1 or less msec in below Imicrosec, 
polymer liquid crystal, or distributed liquid crystal, as for 100 or less msecs and **** better **, the 
gradation display was obtained. 

[0013] Usually, by images, such as television, in 1 second, the still picture of 30 sheets lets out one 
after another, and forms an animation. Therefore, the time amount which the still picture of one sheet 



continues is about 30 msec(s). This time amount is too early for human beings eyes,- is time amount 
"does not stop at an eye, either" literally, and cannot identify one still picture [ one ] visually as a result 
At any rate, in order to obtain the usual animation, even if the still picture of one sheet is long, it is 
uncontinuable 100 or more msecs. 

[0014] If the gradation display of 256 gradation is performed using this invention, it is necessary to 
adopt the pulse-voltage impression approach that the time amount of T=3msec, then these 3msec(s) 
can be divided into at least 256, as an approach of impressing an electrical potential difference to a pixel, 
for example. That is, it is necessary to construct a circuit which requires the electrical potential 
difference of the shape of a pulse of 3msec(s)/256= 1 1 .7microsec for a pixel by the shortest In fact as 
shown in drawing 3 , in order to obtain 256 gradation, it is still more nearly required [ the light 
transmission nature of duty ratio tau/T of a pulse and a liquid crystal pixel is the relation like a non-line 
type, and ] to control the duty ratio of a pulse finely. 

[0015] And other pixels must be taken into consideration when performing actual image display. In an 
actual image display device, there is a line of no less than 400 lines, for example. That is, the ultrashort 
responsibility of 100ns in the active component of a matrix is searched for so that it may state later. 
Then, the example of the circuit which has such short-time responsibility is shown in drawing 4 , and the 
explanation is given hereafter. 

[0016] Drawing 4 shows the example of the circuit of the active matrix of a liquid crystal display 
required in order to carry out this invention. In this invention, since to answer in a short time for 100 or 
less ns is demanded, an active component needs to construct the circuit which carries out high-speed 
operation. It is required to use the circuit of the deformation inverter mold which did not switch only by 
[SlTFT or PTFT like before for that purpose, but was constituted so that NTFT and PTFT might operate 
complementary, as shown in drawing 4 . 

[0017] Although this example showed the example of the matrix of NxM, in order to avoid 
complicatedness, it was shown only near the n line m train of them. A perfect thing will be obtained if 
the same thing as this is developed vertically and horizontally. 

[0018] Four deformation inverter circuits are drawn on drawing 4 . Each deformation inverter circuit 
consists of at least two NTFT(s) and at least two PTFT(s). When a defect exists, it may have the 
number of TFT(s), and it may be increased further. In this circuit the gate electrode of 1 set of NTFT(s) 
of a center section and PTFT is a signal line Xn first It connects, and the source of this NTFT and 
PTFT or one side of a drain is connected mutually, and this is Pixels Zn and m. It connects. with an 
electrode. This condition is the same as the usual complementary-type electric field effect component 
(CMOS). The source or the drain of another side of this NTFT and PTFT is connected to the source or 
the drain of the 2nd NTFT and PTFT, respectively. Moreover, the source or the drain of another side of 
this 2nd NTFT and PTFT is signal-line Ym+1, respectively. Ym It connects. Furthermore, the gate 
electrode of the 2nd NTFT and PTFT is signal-line Ym+1, respectively. Ym It connects, the following — 
signal lines X1 and X2 and .. XN collective — or an individual exception — an X-ray — calling — signal 
lines Y1 and Y2 and YM It is collectively called Y line according to an individual. Moreover, the 
capacitor is artificially inserted in the capacitor of a pixel, and juxtaposition by a diagram. . The capacitor 
inserted at this time has the effectiveness which controls that the electrical potential difference of a 
pixel falls, when the charge of a pixel carries out natural discharge. If descent of the electrical potential 
difference of a pixel has dispersion in a pixel, it will cause deterioration of image quality in invention 
which is going to perform a gradation display as what has the electrical potential difference become less 
uniform and fixed like especially this invention impressed to a pixel. However, by inserting a capacitor in 
a pixel in this way at juxtaposition, the voltage drop by dispersion in a pixel can be suppressed 
remarkably, and can obtain high definition. 

[0019] Next, the example of the circuit at the time of using such a circuit of operation is explained using 
drawing 1 (b) and drawing 2 . This matrix circuit needs to operate so that the electrical potential 
difference of the shape of a pulse as shown in drawing 1 (a) may be impressed to a liquid crystal cell. 
Then, since such a pulse is generated, the outline of the signal level impressed to an X-ray and Y line is 



shown in drawing 1 (b). The matrix of 400x640 is considered as an example. 

[0020] The signal impressed to an X-ray is Xn. [n the case of a line, it is shown by V (Xn), but in fact, 
256 pulses (henceforth a subpulse) are included in a mass of pulse by which this is repeated a period T, 
and it turns out further that each of the 256 subpulse consists of pulse trains containing 400 elements. 
Here, the figure 400 is the line count of a matrix. Therefore, the smallest units of the pulse impressed to 
an X-ray are T=3msec ( then 29ns. 

[0021] On the other hand, between time amount T / 256, a pulse as shown by V (Y1) ; V (Ym), V (Ym+1), 
and V (Y400) of drawing shifts each timing on Y line, and is impressed to it This pulse needs to be still 
shorter than the smallest unit pulse of the pulse impressed to the above-mentioned X-ray. After all, 
between time amount T, a pulse is impressed to Y lines each 256 times. 

[0022] Next, actuation of an actual circuit is explained based on drawing 2 . First, the 1st subpulse is 
impressed to each X-ray. With a natural thing, these subpulses differ for every X-ray. on the other hand, 
it stated to Y line previously — as — a pulse — the beginning — Y1 and a. degree — Y2 as — it is 
impressed one by one. First, a pulse is Y1. The time of being impressed is considered, this time — Pixel 
Z ; — 1 and 1 The active component connected will be in an OFF condition. Namely, Y1 It is in an 
electrical-potential-difference condition, and is Y2. Since it is not in an electrical-potential-difference 
condition, among four TFT(s) of the active component of a pixel, upper PTFT and lower NTFT will be in 
ON condition, and will be in the condition that a central inverter operates, and input X1 of an inverter 
**** — since the electrical potential difference is added, an output will be in the condition that it is . 
reversed and an electrical potential difference is not added. Y2 [ subsequently, ] although an electrical 
potential difference is added — this time — Pixel Z — 1 and 2 **** — it will be in the condition that 
the electrical potential difference was built, namely, input X1 of an inverter **** — it is because the 
electrical potential difference is not built. And this electrical-potential-difference condition is Y2. Even 
after a pulse is cut, it is Y2 next continuously. It continues until a pulse is added. Similarly, they are Z1 
and m. Z1 and m+1 Z1,400 It will be in an electrical-potential-difference condition. 

[0023] Thus, a pulse is impressed one by one and it is Ym. The case where it is impressed is considered. 
Now, four pixels Zn and m, Zn, m+1, Zn+1, m, Zn+1, and m+1 It is Xn if it is observing. And Xn+1 What is 
necessary is just to observe theinrr-th of the 1st subpulse, and (m+1) eye watch. Xn Xn+1 Since it is 
not in an electrical-potential-difference condition, the m-th is Pixels Zn and m, Zn+1, and m. It will be in 
an electrical-potential-difference (charge) condition. Subsequently, Ym+1 A pulse is impressed. Xn ** 
Xn+1 Since it is not in an electrical-pbtential-difference condition, eye watch (m+1) is Pixel Zn, m+1, 
Zn+1, and m+1 also in this case. It will be in a charge condition. 

[0024] Next, although omitted by a diagram, the 2nd subpulse should come. At, this time, it is Xn. Xn+1 If 
the m-th and (m+1) eye watch are not in an electrical-potential-difference condition, a charge condition 
will not be lost but four pixels will continue an electrical-potential-difference condition succeedingly 
above. Then, the electrical-potential-difference condition should continue all four pixels to. the. subpulse 
of** (h-1). 

[0025] Next, the subpulse should progress and the h-th subpulse should come. In order to avoid 
complicatedness by a diagram, it omitted [ the m-th and (m+1) except / watch ]. At this time, Xn is also 
Xn+1. Since it is not in an electrical-potential-difference condition, the m-th. is Pixels Zn and m, Zn+1, 
and m. An electrical-potential-difference condition is continued. Xn+t [ however, ] **** (m+1) — since 
eye watch is in an electrical-potential-difference condition — pixel Zn+1 and m although an electrical- 
potential-difference condition continues — pixel Zn+1 and m+1 The charge in which the output of an 
active component stops being in an electrical-potential-difference condition, and was stored is emitted, 
and an electrical-potential-difference condition is interrupted. ^ 
[0026] Furthermore, it is Xn when the i-th subpulse comes. Since it changed into the electrical- 
potential-difference condition, eye watch (m+1) is Zn and m+1. A charge condition is canceled. Hereafter, 
it sets to the j-th and k-th subpulses, and they are Xn+1 and Xn, respectively. Since the m-th changed 
into the electrical-potential-difference condition, they are Pixels Zn and m, Zn+1, and m. A charge 
condition is interrupted in the ********, k-th, and j-th subpulse. By passing through such a process, the 



time amount of an electrical-potential-difference condition is controllable in digital one for every pixel to 
be shown in V (Z) of drawing 2 . 

[0027] By repeating such actuation, the width of face of the electrical-potential-difference pulse which 
joins each pixel is controllable to arbitration like drawing 1 (a). 

[0028] In carrying out this invention so that clearly from the above explanation, the above subpulses 
must not necessarily be the things of the shape of a pulse which can be defined clearly. Although the 
concept of a subpulse was carried out in order to simplify explanation, it is clear that this invention can 
be especially carried out even if between a subpulse and subpulses is not clear and there is almost no 
boundary as a signal. Furthermore, in order to give explanation intelligible, the zero level and voltage 
level of a signal were clarified, but since this is only the problem whether to be liquid crystal or below 
the threshold electrical potential difference of TFT, or to be above, it does not need to be zero by any 
means. Moreover, in the above example, probably, not mattering will be clear, even if a pulse has a 
reverse polarity, since an electrical potential difference is the relative physical quantity on the basis of 
the potential of the point of arbitration, moreover — although the screen of one line was scanned at a 
time in order in the above example — the beginning — Y1, Y3, Y5, and ... as — scanning — after that, 
Y2, Y4 and Y6, and .. as — it cannot be overemphasized that the so-called interlaced-scanning method 
to scan is also possible. 
[0029] 
[Example] 

"Example 1" Since the flat TV was produced using the liquid crystal display using circuitry as shown in 
drawing 4 by this example, the explanation is given. Moreover, TFT in that case was taken as the 
polycrystalline silicon which used laser annealing. 

[0030] Arrangement configurations, such as an actual electrode corresponding to this circuitry, are 
shown in drawing 5 about one pixel. First, the production approach of the liquid crystal panel used by 
this example is explained using drawing 6 . Although a total of four TFT(s) are shown in drawing at one 
pixel since NTFT and every two PTFT(s) are need in order to carry out this invention, a number is 
attached and explained only to one side of NTFT and PTFT for simplification. It is Magnetron RF (high 
frequency) on the glass 50 which can be equal to degrees C [ 700 degrees C or less which is not 
expensive as for quartz glass etc. ], for example, about 600 degrees C, heat treatment in drawing 6 (A). 
The oxidation silicon film as a blocking layer 51 is produced in thickness of 1000-3000A using a spatter. 
Process conditions were made into 100% ambient atmosphere of oxygen, the membrane formation 
temperature of 150 degrees C, outputs 400-800W, and the pressure of 0.5Pa. The membrane formation 
rate which used a quartz or single crystal silicon for the target was a part for 30-1 00A/. 
[0031] Besides, the silicon film 52 was produced for the silicon film by the plasma-CVD method. 
Membrane formation temperature was performed at 250 degrees C - 350 degrees C, in this example, 
was made into 320 degrees C and used the mono silane (SiH4). Not only a mono silane (SiH4) but 
disilane (Si2H6) Trishiran (Si3H8) may be used again. These were introduced by the pressure of 3Pa in 
PCVD equipment, and 13.56MHz high-frequency power was applied and membranes were formed. Under 
the present circumstances, high-frequency power is 0.02 - 0.10 W/cm2. It is suitable and they are 0.055 
W/cm2 at this example. It used. Moreover, the flow rate of a mono silane (SiH4) is set to 20SCCM(s), 
and the membrane formation rate at that time is about 120A/. It was a part, the threshold voltage (Vth) 
of PTFT and NTFT — an outline — in order to control identically, boron may be added during membrane 
formation as concentration of 1x101 5-1x1 01 8cm-3 using diboron hexahydride. Moreover, not only this 
plasma CVD but a spatter and a reduced pressure CVD method may be used for membrane formation of 
the silicon layer used as the channel field of TFT, and that approach is described briefly below. 
[0032] When carrying out by the spatter, back pressure before a spatter was set to 1x10 - 5 or less Pa, 
and hydrogen was performed to the argon in the ambient atmosphere mixed 20 to 80% by using single 
crystal silicon as a target. For example, it considered as 80% of hydrogen argon 20%. For membrane 
formation temperature, 150 degrees C and a frequency were [ 400-800W and the. pressure of 13.56MHz 
and a spatter output ] 0.5Pa. 



[(5033] When forming by the reduced pressure gaseous-phase method, it is a disilane (Si2H6) in 450-550 
degrees C lower 100-200 degrees C than crystallization temperature, for example, 530 degrees C. Or 
trishiran (Si3H8) Membranes were supplied and formed to the CVD system. Fission reactor internal 
pressure was set to 30-300Pa. A membrane formation rate is 50-250A/. It was a part the threshold 
voltage (Vth) of PTFT and NTFT — an outline — in order to control identically, boron may be added 
during membrane formation as concentration of 1x1015-1x1018cm-3 using diboron hexahydride. 
[0034] As for the coat formed by these approaches, it is desirable that oxygen is three or less 
[ 5x1 021 cm - ]. If too few although it is desirable that it takes preferably or less [ 1x1 01 9cm - ] for 
three three or less [ 7x101 9cm -] in order to make crystallization promote, since the leakage current of 
an OFF state would increase an oxygen density with a back light, this concentration was chosen. If this 
oxygen density is high, it is hard to make it crystallize and laser annealing time amount must be 
lengthened highly [ temperature / laser annealing]. Hydrogen was 4x1020cm-3, and when it was 
compared as silicon 4x1022cm-3, it was one atom %. 

[0035] Moreover, in order to make crystallization promote more to the source and a drain, an oxygen 
density may be preferably made or less [ 1x1 01 9cm - ] into three three or less [ 7x1 01 9cm - ], and 
oxygen may be added only to the channel formation field of TFT which carries out a pixel configuration 
so that it may be set to 5x1 020-5x1 021 cm-3 with ion-implantation. By the above-mentioned approach, 
the silicon film of an amorphous condition was formed in thickness of 1000A by 500-5000A and this 
example. 

[0036] Then, the pattern with which only the source drain field punctured the photoresist 53 using the 
mask P1 was formed. The silicon film 54 which moreover serves as a barrier layer of n mold by the . 
plasma-CVD method was produced. Membrane formation temperature was performed at 250 degrees C 
- 350 degrees C, in this example, was made into 320 degrees C and used the thing of the phosphoretted 
hydrogen (PH3) 3% concentration of a mono silane (SiH4) and the mono-silane base, these were boiled 
and introduced by the pressure of 5Pa in PCVD equipment, and 13.56MHz high-frequency power was 
applied and membranes were formed. Under the present circumstances, high-frequency power is 0.05 - 
0.20 W/cm2. It is suitable and they are 0.120 W/cm2 at this example. It used. 
[0037] The specific conductivity of n mold silicon layer done by this approach became 2x10-1 
[omegacm-1] extent. Thickness could be 50A. After that, using the lift-off method, the resist 53 was 
removed and the source drain. fields 55 and 56 were formed.. 

[0038] The barrier layer of p mold was formed using the same process. The thing of diboron hexahydride 
(B-2 H6) 5% concentration of a mono silane (SiH4) and the mono-silane base was used for the 
introductory gas in that case, these were boiled and introduced by the pressure of 4Pa in PCVD 
equipment, and 13.56MHz high-frequency power was applied and membranes were formed. Under the 
present circumstances, high-frequency power is 0.05 - 0.20 W/cm2. It is suitable and they are 0.120 
W/cm2 at this example. It used. The specific conductivity of the p-type silicon layer done by this 
approach became 5x10-2 [omegacm-1] extent. Thickness could be 50A. The source drain fields 59 and 
60 were formed using. the lift-off method like the N type field after that. Then, etching removal of the 
silicon film 52 was carried out using the mask P3, and the island field 63 for N channel mold thin film 
transistors and the island field 64 for P channel mold thin film transistors were formed. 
[0039]. While carrying out laser annealing of the source drain channel field using the XeCI excimer laser 
after that, laser doping was performed to the barrier layer. For the laser energy at this time, threshold 
energy is 130 mJ/cm2. For the whole thickness fusing, they are 220 mJ/cm2. It is needed. However, the 
beginning to 220 mJ/cm2 If the above energy is irradiated, since the hydrogen contained in the film will 
be emitted rapidly, membranous destruction breaks out. Therefore, after driving out hydrogen first by 
low energy, it is necessary to carry out melting. At this example, it is 150 mJ/cm2 at first. 230 mJ/cm2 
after performing the purge of hydrogen It crystallized. 

[0040] Besides, it formed in the thickness of 500-2000A, for example, 1000A, by using the oxidation 
silicon film as gate dielectric film. This was taken as the same conditions as production of the oxidation 
silicon film as a blocking layer. Little addition of the fluorine may be carried out during this membrane 



formation, and sodium ion may be made to fix. 

[0041] then, the silicon film with which Lynn went into this bottom at the concentration of 1-5x1 02 1cm- 
3, or this silicon film and a it top — molybdenum (Mo), a tungsten (W), and MoSi2 Or multilayers with 
WSi2 were formed. Patterning of this is carried out with the 4th photo mask P4, and it is drawing 6 (D). 
It obtained. The gate electrode 66 for NTFT and the gate electrode 67 for PTFT were formed. For 
example, molybdenum was formed for Lind-PU silicon 0.2 micrometers and on it as 7 micrometers of 
channel length, and a gate electrode at the thickness of 0.3 micrometers. Patterning also of the wiring 
68 installed in coincidence in parallel to the gate wiring 65 and it as shown in drawing 6 (DO was carried 
out. 

[0042] Moreover, when aluminum (aluminum) is used as a gate electrode material, since a selfer line 
method of construction can apply and the contact hole of a source drain can be formed in the location 
more near the gate, the property of TFT can be further raised by anodizing the front face for this after 
patterning with the 4th photo mask P4 from reduction of mobility and threshold voltage. 
[0043] If it carries out, there is nothing that write and for which temperature is applied to 400 degrees C 
or more at all processes, and C/TFT can be made. Therefore, it is not necessary to use expensive 
substrates, such as a quartz, as a substrate ingredient, and it can be said that it is the process which 
was extremely suitable for the liquid crystal display of the big screen of this invention. 
[0044] In drawing 6 (E), the spatter which described the layer insulation object 68 above performed as 
formation of the oxidation silicon film, formation of this oxidation silicon film — LPCVD — law, an 
optical CVD method, and an ordinary pressure CVD method may be used. For example, it formed in the 
thickness of 0.2-0.6 micrometers, and the aperture 79 for electrodes was formed after that using the 
5th photo mask P5. Then, further, aluminum was formed in the thickness of 0.3 micrometers by the 
spatter at these whole, and lead 74 and contacts 73 and 75 were produced using the 6th photo mask P6. 
In this way, drawing 6 (E) and (E) were obtained. Then, spreading formation of the organic resin 77 for 
flattening, for example, the translucency polyimide resin, was carried out for the front face, and the 7th 
photo mask P7 performed electrode punching for the second time. Furthermore, ITO (indium tin oxide) 
was formed in the thickness of 0.1 micrometers by the spatter, and the pixel electrode 71 was formed in 
these whole using the 8th photo mask P8. This ITO formed membranes at room temperature -150 
degree C, and annealing in 200-400-degree C oxygen or atmospheric air accomplished it 
[0045] In this way, drawing 6 (F) and (F') were obtained. The sectional view of A-A' of drawing 6 (F') is 
shown in drawing 6 (G). In fact, a liquid crystal ingredient is inserted on this, a counterelectrode is 
prepared, and as shown in drawing, electrostatic capacity arises between a counterelectrode and the 
pixel electrode 71. Electrostatic capacity arises also between wiring 68 and an electrode 71 in it and 
coincidence. And by maintaining wiring 68 at a counterelectrode and this potential, as shown in drawing 
4 , the circuit where capacity was inserted in the liquid crystal pixel at juxtaposition will be constituted. 
Since wiring 68 is parallel to the gate wiring 65 by arranging like especially this example, there is little 
regulation capacity during 2 wiring, therefore it is effective in reducing attenuation and delay of the 
signal transmitted in gate wiring. 

[0046] Moreover, the wiring 68 formed by doing in this way can be used as a grounding conductor of the 
protection network established in the termination of each matrix wiring, when grounded and used. As a 
protection network is shown in drawing 9 , a circuit as shown by the surrounding drive circuit, drawing 
10 prepared between pixels, and drawing 1 1 is said. If all require an excessive electrical potential 
difference for a pixel, it will be in ON condition, and it has the operation which removes an electrical 
potential difference. It was doped or these protection networks are constituted using a semiconductor 
material like silicon which is not doped, a transparence electrical conducting material like ITO, or the 
usual wiring material. Therefore, when forming the circuit of a pixel, forming in coincidence is possible. 
[0047] Probably, the protection network of this of drawing 10 will be clear from consisting of NTFT, 
PTFT, or C/TFT that united them. Moreover, it is clear for the diode which diode is constituted by PIN 
junction and thinks especially the Zener property as important to have structures, such as NIN, PIP, 
NPN, or PNP, not to explain them one by one, and to be produced by using the production approach 



shown by this example, although TFT is not used for the protection network of drawing 1 1 t and to gel 
[0048] Now, the electric property of TFT obtained as mentioned above was [ 40 (cm2/Vs) and Vth of 
mobility ] -5.9(V) in PTFT, in NTFT, mobility was 80 (cm2/Vs). and Vth was 5.0 (V). 
[0049] One [ which was produced according to the above approaches ] substrate for liquid crystal 
electro-optic devices was able to be obtained. The situation of arrangement, such as an electrode of 
this liquid crystal display, is shown in drawing 5 . TFT which constitutes the deformation inverter by this 
invention is a signal line Y1. Y2 Between, and Y2 and Y3 In between, it is a signal line X1 and X2. It is 
prepared in parallel. The matrix configuration using such C/TFT was made to have. This structure can 
be used as the liquid crystal display of 640x480 and a large pixel called 1280x960 right and left and by 
repeating up and down. It was referred to as 1920x400 in this example. Thus, the 1st substrate was 
obtained. 

[0050] The production approach of the substrate of another side is shown in drawing 7 . On the glass 
substrate, the polyimide resin which mixed the black pigment to polyimide was formed in thickness of 1 
micrometer using the spin coat method, and the black stripe 81 was produced using the 9th photo mask 
P9. Then, the polyimide resin which mixed red pigments was formed in thickness of ,1 micrometer using 
the spin coat method, and the red filter 83 was produced using the 10th photo mask P10. Masks P1 1 
and P1 2 were used similarly, and the green filter 85 and the blue filter 86 were produced. Each filter 
performed baking for 60 minutes in nitrogen at 350 degrees C during these production. Then, the leveling 
layer 89 was too produced using transparence polyimide using the spin coat method. 
[0051] Then, ITO (in JUMU tin oxide) was formed in the thickness of 0.1 micrometers by the spatter, 
and the common electrode 90 was formed in these whole using the 10th photo mask P10. Membranes 
were formed at room temperature -150 degree C, annealing in 200-300-degree C oxygen or 
atmospheric air accomplished, and this ITO obtained the 2nd substrate. 

[0052] The offset method was used on said substrate, the polyimide precursor was printed, and baking 
was performed in the non-oxidizing atmosphere, for example, nitrogen, for 350-degree-C 1 hour. Then, 
using the well-known rubbing method, the polyimide front face was reformed and the means to which 
the orientation of the liquid crystal molecule is made to carry out in the fixed direction was established 
in the first stage at least. < * . ■ * ; 

[0053] Then, with said the first substrate and second substrate, the nematic liquid crystal constituent 
was pinched and the perimeter was fixed with epoxy nature adhesives. PCB which has Drive IC and the 
common signal of a TAB configuration, and potential wiring was connected to the lead on a substrate, 
the polarizing plate was stuck outside, and the liquid crystal electro-optic device of a transparency mold 
was obtained. The posterior part lighting system which has arranged three cold cathode tubes, and the 
tuner which receives a television electric wave were connected with this, and it was made to complete 
as a flat TV. Since it became equipment of a flat-surface configuration compared with television of the 
conventional CRT method, it could also install in the wall etc. Actuation of this liquid crystal television 
was checked by impressing an equivalent signal to a liquid crystal pixel substantially with what was 
shown in drawing 1 and drawing 2 . 

[0054] "Example 2" Since the flat TV was produced using the liquid crystal display using circuitry as 
shown in drawing 4 by this example, the explanation is given. Moreover, TFT in that case was taken as 
the polycrystalline silicon which used laser annealing. 

[0055] Below, the production approach of a TFT part is described according to drawing 8 . It is 
Magnetron RF (high frequency) on the glass 100 which can be equal to degrees C [ 700 degrees C or 
less which is not expensive as for quartz glass etc. ], for example, about 600 degrees C, heat treatment 
in drawing 8 (A). The oxidation silicon film as a blocking layer 101 is produced in thickness of 1000- 
3000A using a spatter. Process conditions were made into 100% ambient atmosphere of oxygen, the 
membrane formation temperature of 150 degrees C, outputs 400-800W, and the pressure of 0.5Pa. The 
membrane formation rate which used a quartz or single crystal silicon for the target was a part for 30- 
100 A/. 

[0056] Besides, the silicon film 102 was produced for the silicon film by the plasma-CVD method.- 



Membrane formation temperature was performed at 250 degrees C - 350 degrees C. in this example, 
was made into 320 degrees C and used the mono silane (SiH4). Not only a mono silane (SiH4) but 
disilane (Si2H6) It is trishiran (Si3H8) again. You may use. These were introduced by the pressure of 3Pa 
in PCVD equipment and 13.56MHz high-frequency power was applied and membranes were formed. 
Under the present circumstances, high-frequency power is 0.02 - 0;10 W/cm2. It is suitable and they 
are 0.055 W/cm2 at this example. It used. Moreover, the flow rate of a mono silane (SiH4) is set to 
20SCCM(s), and the membrane formation rate at that time is about 120A/. It was a part the threshold 
voltage (Vth) of PTFT and NTFT — an outline — in order to control identically, boron may be added 
during membrane formation as concentration of 1x1015-1x1018cm-3 using diboron hexahydride. 
Moreover, not only this plasma CVD but a spatter and a reduced pressure CVD method may be used for 
membrane formation of the silicon layer used as the channel field of TFT, and that approach is 
described briefly below. 

[0057] When carrying out by the spatter, back pressure before a spatter was set to 1x10 - 5 or less Pa, 
and hydrogen was performed to the argon in the ambient atmosphere mixed 20 to 80% by using single 
crystal silicon as a target. For example, it considered as 80% of hydrogen argon 20%. For membrane 
formation temperature, 150 degrees C and a frequency were [ 400-800W and the pressure of 13.56MHz 
and a spatter output ] 0.5Pa. 

[0058] When forming by the reduced pressure gaseous-phase method, it is a disilane (Si2H6) in 450-550 
degrees C lower 100-200 degrees C than crystallization temperature, for example, 530 degrees C. Or 
trishiran (Si3H8) Membranes were supplied and formed to the CVD system. Fission reactor internal 
pressure was set to 30-300Pa. A membrane formation rate is 50-250A/. It was a part, the threshold 
voltage (Vth) of PTFT and NTFT — an outline — in order to control identically, boron may be added 
during membrane formation as concentration of 1x1015-1x1018cm-3 using diboron hexahydride. 
[0059] As for the coat formed by these approaches, it is desirable that oxygen is three or less 
[ 5x1 021 cm - ]. If too few although it is desirable that it takes preferably or less [ 1x1 01 9cm - ] for 
three three or less [ 7x1 01 9cm - ] in order to make crystallization promote, since the leakage current of 
an OFF state would increase an oxygen density with a back light, this concentration was chosen. If this 
oxygen density is high, it is hard to make it crystallize and laser annealing time amount must be 
lengthened highly [ temperature / laser annealing ]. Hydrogen was 4x1020cm-3, and when it was 
compared as silicon 4x1022cm~3, it was one atom %. 

[0060] Moreover, in order to make crystallization promote more to the source and a drain, an oxygen 
density may be preferably made or less [ 1x1 01 9cm - ] into three three or less [ 7x1 01 9cm - ], and 
oxygen may be added only to the channel formation field of TFT which carries out a pixel configuration 
so that it may be set to 5x1 020-5x1 021 cm-3 with ion-implantation. By the above-mentioned approach, 
the silicon film of an amorphous condition was formed in thickness of 1000A by 500-5000A and this 
example. 

[0061] Then; the pattern with which only the source drain field of NTFT and the field which should 
become punctured the photoresist 103 using the mask P1 was formed, and the resist 103 — a mask 
carrying out — phosphorus ion — ion-implantation — 2x1014-5x1016cm~2 — preferably, only 
2x1016cm-2 were poured in and they formed n mold impurity range 104. Then, the resist 103 was 
removed. 

[0062] Similarly, the resist 105 was applied and the pattern which punctured only the source drain field 
of PTFT and the field which should become was formed using the mask P2. And the impurity range 106 
of p mold was formed by using a resist 105 as a mask, as an impurity — HOUSO — using — too ion- 
implantation — using — 2x1014-5x1016cm-2 — only 2x1016cm-2 introduced the impurity preferably. 
Do in this way. Drawing 8 (B) was obtained. 

[0063] Then, 50~300nm in thickness and the 100nm oxidation silicon coat 107 were formed by the 
above-mentioned RF spatter on the silicon film 102. And the XeCI excimer laser was used, and the 
source drain channel field was crystallized and activated by laser annealing. For the laser energy at this 
time, threshold energy is 130 mJ/cm2. For the whole thickness fusing, they are 220 mJ/cm2. It is 



needed. However, the beginning to 220 m J/cm2 If the above energy is irradiated, since the hydrogen 
contained in the film will be emitted rapidly, membranous destruction breaks out Therefore, after driving 
out hydrogen first by low energy, it is necessary to carry out melting. At this example, it is 150 mJ/cm2 
at first 230 mJ/cm2 after performing the purge of hydrogen It crystallized. Furthermore, after laser 
annealing termination removed the oxidation silicon film 107. 

[0064] Then, island-like the NTFT field 111 and the PTFT field 112 were formed with the photo mask P3. 
Besides, it formed in the thickness of 500-2000A, for example, 1000A, by using the oxidation silicon film 
108 as gate dielectric film. This was taken as the same conditions as production of the oxidation silicon 
film as a blocking layer. Little addition of the fluorine may be carried out during this membrane formation, 
and sodium ion may be made to fix. 

[0065] then, the silicon film with which Lynn went into this bottom at the concentration of 1-5x1 021cm- 
3, or this silicon film and a it top — molybdenum (Mo), a tungsten (W), and MoSi2 Or multilayers with 
WSi2 were formed. Patterning of this is carried out with the 4th photo mask P4, and it is drawing 6 (D). 
It obtained. The gate electrode 109 for NTFT and the gate electrode 110 for PTFT were formed. For 
example, molybdenum was formed for Lind-PU silicon 0.2 micrometers and on it as 7 micrometers of 
channel length, and a gate electrode at the thickness of 0.3 micrometers. Although not shown in drawing, 
gate wiring and wiring parallel to it as well as the case of an example 1 were formed. 
[0066] As an ingredient of this wiring, it is also possible to use aluminum (aluminum) besides the above- 
mentioned ingredient When aluminum is used, since a selfer line method of construction can apply and 
the contact hole of a source drain can be formed in the location more near the gate, the property of 
TFT can be further raised by anodizing the front face for this after patterning with the 4th photo mask 
P4 from reduction of mobility and threshold voltage. 

[0067] If it carries out, there is nothing that write and for which temperature is applied to 400 degrees C 
or more at all processes, and C/TFT can be made. Therefore, it is not necessary to use expensive 
substrates, such as a quartz, as a substrate ingredient, and it can be said that it is the process which 
was extremely suitable for the liquid crystal display of the big screen of this invention. 
[0068] In drawing 8 (E), the spatter which described the layer insulation object 113 above performed as 
formation of the oxidation silicon film, formation of this oxidation silicon film — LPCVD — law, an 
optical CVD method, and an ordinary pressure CVD method may be used. For example, it formed in the 
thickness of 0.2-0.6 micrometers, and the aperture 1 17 for electrodes was formed after that using the 
5th photo mask P5. Then, after forming aluminum in the thickness of 0.3 micrometers by the spatter at 
these whole and producing lead 116 and contacts 114 and 115 further using the 6th photo mask P6, 
spreading formation of the organic resin 119 for flattening, for example, the translucency polyimide resin, 
was carried out for the front face, and the 7th photo mask P7 performed electrode punching for the 
second time. Furthermore, ITO (indium tin oxide) was formed in the thickness of 0.1 micrometers by the 
spatter, and the pixel electrode 118 was formed in these whole using the 8th photo mask P8. This ITO 
formed membranes at room temperature -150 degree C, and annealing in 200-400-degree C oxygen or 
atmospheric air accomplished it 

[0069] The electric property of obtained TFT was [ 35 (cm2/Vs) and Vth of mobility ] -5.9(V) in PTFT, 
in NTFT, mobility was 90 (cm2/Vs), and Vth was 4.8 (V). 

[0070] One [ which was produced according to the above approaches ] substrate for liquid crystal 
electro-optic devices was able to be obtained. Since it is the same as an example 1, the production 
approach of the substrate of another side is omitted. Then, with said the first substrate and second 
substrate, the nematic liquid crystal constituent was pinched and the perimeter was fixed with.epoxy 
nature adhesives. PCB which has Drive IC and the common signal of a TAB configuration, and potential 
wiring was connected to the lead on a substrate, the polarizing plate was stuck outside, and the liquid 
crystal electro-optic device of a transparency mold was obtained. The posterior part lighting system 
which has arranged three cold cathode tubes, and the tuner which receives a television electric wave 
were connected with this, and it was made to complete as a flat TV. Since it became equipment of a 
flat-surface configuration compared with television of the conventional CRT method, it could also install 



in the wall etc. Actuation of this liquid crystal television was checked by impressing an equivalent signal 

to a liquid crystal pixel substantially with what was shown in drawing 1 and drawing 2 . 

[0071] 

[Effect of the Invention] In this invention, it is characterized by performing the gradation display of a 
digital method to the gradation display of the conventional analog form. As the effectiveness, for 
example, the thing for which it varies and the property of all a total of 256,000 TFT(s) is produced that 
there is nothing when the liquid crystal electro-optic device which has the number of pixels of 640x400 
dots is assumed As opposed to 16 gradation displays being considered to be limitations, if it has 
difficulty very much and mass-production nature and the yield are actually taken into consideration like 
this invention By indicating by gradation only by digital control purely, the gradation display beyond 256 
gradation displays was attained, without adding an analog — completely signal. Since it was perfect digital 
display, even if the ambiguity of the gradation by property dispersion of TFT was completely lost, 
therefore dispersion in TFT had it a little, the very homogeneous gradation display was possible for it. 
Therefore, conventionally, since the yield of TFT would not be made a problem so much by this 
invention to whose yield having been very bad in order to obtain TFT with little dispersion, the yield of 
liquid crystal equipment was able to improve and was also able to hold down production cost remarkably. 
[0072] For example, since about **10% of property dispersion of TFT existed when the usual analog 
gradation display is performed to the liquid crystal electro-optic device which created 256,000 sets of 
TFT(s) of 640x400 dots on 300mm square, 16 gradation displays were limitations. However, since it is 
hard to be influenced of property dispersion of a TFT component when the digital gradation display by 
this invention is performed, it became possible to 256 gradation displays, and the display of color 
variegated [ what and 16,777,216 colors ] and delicate has been realized in color display. When 
projecting software like television imagery, tints differ delicately [ the "rock" which consists of the same 
color ] from the detailed hollow etc. When it is going to perform the display near natural color, 16 
gradation takes difficulty. The gradation display by this invention enabled it to attach change of these 
detailed color tones. 

[0073] Although explanation was added in the example of this invention focusing on TFT which used 
silicon, TFT using germanium can be used similarly. Since the electron mobility of single crystal 
germanium exceeds 3600cm2 / Vs and especially Hall mobility has exceeded the property of 2/Vs, and 
the value (they are 2/Vs 480cm at 1350cm2 / Vs, and Hall mobility in electron mobility) of single crystal 
silicon 1800cm, it is the ingredient which was extremely excellent when performing this invention as 
which high-speed operation is required. Moreover, the temperature of germanium which changes from an 
amorphous state to a crystallized state is low compared with silicon, and it has turned to the low- 
temperature process. Moreover, a big crystal is obtained when the rate of karyogenesis in the case of 
crystal growth generally carries out polycrystal growth small therefore. Thus, even if it compares 
germanium with silicon, it has the equal property. 

[0074] In order to explain the technical thought of this invention, explanation was added by making into 
an example the electro-optic device which mainly used liquid crystal, especially a display, but in order to 
apply the thought of this invention, nothing needs to be a display and you may be the so-called 
projection mold television and the other so-called optical switches, and an optical shutter. Furthermore, 
if an optical property also changes an opto electronics material in response to the electric effects not 
only of liquid crystal but electric field, an electrical potential difference, etc., it will be clear that this 
invention is applicable. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] , 

[Drawing 1] The example of a drive wave by this invention is shown. 
[Drawing 2] The example of a drive wave by this invention is shown. 

[Drawing 3] The example of the gradation display property of the liquid crystal by this invention is shown. 

[Drawing 4] The example of the matrix configuration by this invention is shown. 

[Drawing 5] The planar structure of the component by the example is shown. 

[Drawing 6] The process of TFT by the example is shown. 

[Drawing 7] The process of the color filter by the example is shown. 

[Drawing 8] The process of TFT by the example is shown. 

[Drawing 9] The example of connection of the protection network in an example is shown. 
[Drawing 10] The example of the protection network in an example is shown. 
[Drawing 11] The example of the protection network in an example is shown. 
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B*W (T 3 -T 2 ) J:*)t>fflv^(B-§-Sr*li*.5iBai:*r* so 

fee 

[88*^2] StRifc; N^cofS^Xi, X 2 ... X n> .. 
X N *WcfiSrt-aM*©tt#»Yi i Y2,..Y Bi .. 
Y M t\C iotT h- y jrxmzj»a.Zft,ltfBMk. 

/uSaa^B! h7y-^>c t t>2oopft^I 

fcHSfZn. Z 12> ... Zan.... Zmn^ fr*TU »1©P <° 
^--V^A-gsiSBS h 7 1 ONfl'^/l'Iili 

h7^;**©AttJ#!>8$:S8l?cU rH$:HuiE®^m«i 
K«8cU te»Affl;ftSS&-**vt"iV , S2©Pft4 
/Wffl»Kh7^^**©AHl#iSI. ^2<0Nf-y^/H 
JM^7X^**©Affl**K:**SU i!ui2SS2©P^ 

Y i, Y2, • • Y m> . . Ym CD 5 1 otOfs-f-^Y,,, IC^gg 
U* HUia^2 ©N^-^A'SiaWBS h 7 y^^^WM© 
Affi^S^ WEft-MlY,, <D*fc0fcRtt$>*tft:. « 
^itSYi, Y 2 , .. Yn,.. Ym © 5 1 oWft#^Y ra +i *> 



2 

fc#aiw8MfcLT. «**Xi, X2,..X„,..X N 05t) 

*91>V<< hteSfctWEflUHftYnfi toias 

20Nf+^IfllF7V^^©y'f h®@ttmilE 

1&\Z/</\'XfflMi> i 3 0ms e c £AT0V*/1'* £:AP;i5 r. 
*pTlC»c-t-5 r. i: J: o TP&iS*^£r:fc r. « 5 £ i: 

[M^3] »R±fc. N#©«**Xi, X 2> .. X n ... 
X N **tKSSEi-5M*©«*l(IYi,Y2,.. Y„,.. 
Y M tfCto-C-^ h y ^^ttfcflfrit**tfc.E»4:, 

hy^^©^»l±. '>4<tt2o©Nf+^ 
/VSHih7V^^i'>! , i< tt20©Pf^^S 

fclfZn, Zi^-.-Zan,... Z|«i:*r«-U. fl^P 
^-V^/VS^ F7y^^ if* 1 ONft^Sil 
h7VS?;**wAffi*i8&l£iRU -tuSrHtria®^®® 

iih7y^?©Aai*fii^lu sfriBm2rop^ 

Y l, Y2, . . Y m> . . Ym V>0h<Ol o(Dff-§-^Y m 
b/ SulE^ 2<DN?- J r*/l'%mm h 7 >-v?^ ^ <DmJf<0 
Affl^i^S:, DWBflUMftY,,, ofcftUKiKH-feJxfc, fll 
#it6Yi, Y 2 , .-. Y B ,..Y|(roH©l 0©IS*SlY B tl 

±t;iiropf-y^awh7y^^©y^ 

*#at««UT. «.*»Xi, x 2 ,.. x n> .. X N ©5*> 
CD 1 otc^ MIEB 2 co P h 7 > 

hmSSrWIEft^-lfcYBfi WfSm 
2roN < 3 L -V^^S!if^K7>'v ; '^^©'7*'f Mta&teiftlB 

«-S-*sjSPt>o-C^6IBlf±tt«0«fl-ilftXn t-UffiSrAP^ 
ofc«*fc-rSii:S:«kia|fc9-fi-fiaei:» toft. 

-C^SIBJtt. (I-§-^X n -»cmffiw*0*3oTV'»/j:v^JiJc 
[0 0 0 1] 

tlt»lh7y^^ (WTTF T i: 5 ) ^r^ffl L 

«p m ft ftfew-^ai*©* a * * opgns** * 
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[0 00 21 

?i]Lfci5£-&5d ti>mmz-?%Z>. ttAttfttt^Sfll 

f2ftftft&iW*5p-r5riT*ON/OFF, 
©*/T^^ot^5„ jfcift$mi: LTfi, TN (S> 
-f ^f? K • ^77^ y^) ifoSIu S TN • 

»c:@^-C% TN^»^-l-fi> SlOmsec, ST 
NfSA«^e-tCfi?g( lOOmse.c, ^mW±W.Sa(0^ 

&\a±mi om s e c, ^msfcstMi^y 

^-g-Kli^C 10msec T'feS. 
[0 0 0 3] *fcfl£*UfflLfcS^fc^ero5*>T*ko 

ffih7^^ (TFT) TFTtliT^/V' 

S*fcJiNSOt>-ftu^— Jj(DZ>.<D?'(zf<DT F TSrffl 
^fct©f*ofc„ BP*>, i-flttettN^-r^M'STFT 
(NTFTil^) S-U^tCja^JtCii^LrvS. *U 

«*H©*5J-*-<5fB0f tclHt feixfcT F T 

Urifi £ ft 5 t T F T tJJ O Ntfcfg i ft 5 C i: §r fljffl L 

"CffiSiS^roON/'O F F ^<BSiJ»c:^-t-5 t©T**o. 

[0 0 0 4] 

[8W#ft?fcUJ:?i1-3IIffl] i©J: 

Ki/^&ll:, aa&ttE&JSiZZIIIB&'&tt&U *© 

[0 0 0 5] U*»L<C*S5>. Z(D£ot£jj&X'te, Wk. 
»i. T F TO^JSW*^ h y ^ *l28l©^IH4cDfc 



4 

x. m&xi>m%i>gteixLtLvtzo ztuzztL. m 

ft, fci*.*%©5tv^-ei>» ttigiBttaSigL<gftoT 

U£ 5 w tfth-otL. mk.tZ, TN ON/ 
OFF;R<i©«&Mfi, **>1. 2Vffc5, leiWHSr 

io [000 6] 5KP&P^tfSEIi-e;fc5£^5 
fflX-hofco 

[000 7] #$Sl^fi«£5l5, BltfcotttRS/TiS 
[000 8] 

Ab\$.sn&\zmm<ofrt)^x^z\%m*uw-tz>z.b 

[0009] ffijjttf, tt^ftft^ilim-CifcSTN (y 

0BJx.fi, El (a) fc*sv*"C, A-C*$^J; 5ft$£fl£ 

x*?Mm-rzm-&Zi£'<XM J Z>b, A<D*tfWZ>^Zb 
Sr^tULfco r. w-C, /<JkX<om$Ht 1 in s e c b L 

JW-cfcofco ;o: bte£<^mt\-<ozbxibZ> 0 

tttbtf. il^»±IS©TN^Wtc:*5^T(±, 1ms 
e c fcif^5NfMtt*>*?)fct>«<». , 't.©J:5!te«B*Wfc 

Oft'- t^feliO N«ffiSrHmi-5 r. b rt^P «ISg^tt 

[0 0 10] *©*#Wfc«aiCO^Ttt4rt:l*Wfc:b 
^o-cv^i^. U*>U*^fe,.^WAt>fi, w©a^ 

40 i^xmrnm^M^mxh^z t srjit ^ L.tc<ox 

«)©/^^(7>JllWJiTN?KS03ia^fcttl 0ms ecK 
[00.1 1] dd-C, /^^^coJl^^:^^5f§'5]^c:o^^ 
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5 

h , JJt©/</u^ S * V<Dr$<Df%ffl<D i t 5 . 

fc, '<;v;*tBit4, ^/^^^JE^lcfc^^fFrgor t 
Sr^Po L«oT ( 01fc:*5^-C, mZ-tfCOs^ux 

[0 0 12] Rtt&g&Xll. STN*ftK:*sv^-Ct, & 
tt«4*EfcK:*N v C'l>. #y «fc**VM4# 

TNJKftfc*iV^r±, lOOmsecWT, 'OfiK 
14 1 0 m s e c "«T» !MS«tt«*K:*iV*-C»4 10ms 
e c£i.T, <7>-P* L < 14 1 m s e-cP;T, JK!J-^-fS?S 
*3V^tt$HKS!Jfc*fc*i^-Cttl 0 ms e c EAT> <0f 
JKttlms e c y.T<OMIW<D/^^SrAp£5- 

[ 0 0 1 3 ] il#f4, 7- U- f<»©lS<ft-CI± 1 "fMWfc 3 0 

i'ot, 1 ft©»JhH3SS«aaR-t- 5 ttPQ li»3 0msec 
-e *> 5 . r <Of$m 14 : Aflfl © S »4 * 9 T , 

X*ffl9 rBKit>ih*&fcv\l i*inj-ejs>9, ^tt 
r , -ajtfejK'ttlfrJhWS: l tic l ac«giJi-«'r £ (4T# 4 
i^ tfciKV l*fc©#ih®»4 
ft< Tt>l 0'dms e'cU±te8tt*Zb\-±T! i %fa\ 

[0 0 1 4] '-^cisW'SrJpJffl LT 2 5 eRfMORMftTi**: 
*J^«:5'l:i^ifi» W*.tf'. T=3ms e ct-rtuli. 
:W3msecO^^ '>fc< 2 5 6 b 5 5" 

2 5 6 = 1 1.' 7 n s e c <D'</\'7-ty.<?>&B.&WMIiZfr 

1-4.51-, /•*/v^.'©'? f a. — T" -f — fcb z hW.^MM<^> 
'3t»fflttf±*«ia[tt*IW«-Cfc 9,2 5 6 nm«r# & fc 

[0015] L*>t, m^m^m^a^^^m^ 

*^BT?»4, #j£fi4 0 OfrtWfr^fcSo -f-^fct,, 

On s e,c ^V^5@M^t4^^^^H5 0 tif, -t 
© J: o 4«B*MJS*tt*#+5iatt©W*H4 Ic* U 

[ 0 0 1 -6 ] - H 4 rt^WSWSrSllti-s'fcftkijjJSKcSfi 

s^iormy? i- y ?*©iE]?g©0ij&^i-. * 

S89J-C-I4, 7^r4^lil0 0nsecWTOl^ 
M * i * lx * © T'SJitbft-r <5E!S£ 

£ u '>»4 P T F T titfX'* 4 y =f- v *S Z. 5 ©T*t4# 



5 

<, H4K:***uSJ:5tNTFTi:PTFTi:#*Bli 
[0 0 17] -<OWe»4NXM«)-7 h y ^^O0*J5r7f:U 

[00 18] EI4K:f4, 4o©^^ >v«— ^IU8g/& s iffi 

» NTFTt'>4<H2o©PTFTi>e)i«fc$ll.5. 
TFT©$f4, Lfc»frfc:fll*.-t\ 
tUTtibft^. r<0[Hl?S-C»4. 41*, «*>*»© iia 
ONTFTtPTFT©^ hm®d5«^X n Kfftt 
$tv; r<ONTFTtPTFTOy-^fe5^l± 

(CMOS) tWD-eiS»S. rONTFTfcitfPT 

f t roffi*© y - ^ fe5 ^li K n" vii, -ett-Piv ^ 

2CNTFT, PTFT©y-^fe5^liKWytSS 
o »*ntV^5. r©^2<ONTFT, PTFTCD 

flii^(Dy-^fc5VM4K ^y(i, 'zti^ein. ii^-BY 

m+l iY B ''^8ai*itTlf^5. £?>IC, I2CNTF 
T, PTFTtoy-T h«^»4, -ttvm, Y m +i 
tY m fc««*ix-C^S. «T-Ctt;->W*i»Xi, X 2> .. 
X N Sri. fc5^tt«WJfcXi»i JStf, «** 

Yi,Y 2 ,..Y M *r. fc5V>f4<@SiJJCY^ t J: 

^ 0 *fi/ia-C*f4, iS^©^-Y/-?->^ tM^JtcA^W^ 

t4, H^<om^* 5 § ^m-r s.r t x o -c, 

9. B^O(4e > o#(rJ:5mBE|^T»4^L<«]x.Sr t 

[0019] ftfc, r©J:5*lElB*:fflv , »fc«*oiHia 
©ibf^MSriai (b) *JiU ! l212Srfflv , 'TSft?^-r5„ C 
io (O^r Y y ; >^|e]KJ4ia 1 (a) |C^$ix5«t 5^^^^^ 

-fo ^Jt tT, 4 0 0 x 6 4 0©-^ h y ^^Sr%x.5. 

[o o 2 o] ' ■xmz.ff>lja£iriZ>tB-%rtts ^Jx.f4"x n &<o 
Wr&n. V (X n ) Ztll*. Jl^T-Ci^ 

^ bf--t© 2 5 6<i©f-^'''- ; ^^©-f:^-?r*ix»4, 4 00 
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frZo 4 o o h >j txoTr&x* 

Lfcj5 s oT\ Xi&lC^ro^JtS^A'* ©***■(£ 
fiT= 3 m s e c t-fixff, 29nsecT*>3. 

[00 2 1] YlftKltt. IS^T/ 2 5 6 ©!■]£, 

@OV (Y t ) . V (Y m ) , V (Y mH ) . V (Y 
400 ) T?^$ix5> J: 5 te^A^i 5 , -tJx-t*Ko^>f 5 V 

^fc5 0 s&a, mr^T<Dm\at. &Ym\ztt, 2560 

/•SA^asepflP^ftS. "> 
[0 0 2 2] W:, 3SIRoiHll6©tb^S:BI2lcS^v^T 

::©£#> WKZi.i K^^T^S, T . 
?74:/*?|2:OFF:Rtt&&3. 1"fc;b*>> Yi fi« 

T?f-f^ : fi')40©TFT©H, Jt© PTFTi 20 
T©NTFTfiON:tK<iifc<3., tp*©^ j&SSb 

fcyvtfcflgfcft.5 0 JfcV^ Y2. . tv«ff* s ^P*350-C*)5 . 

. TV^^a^.T'ifc-So LT V ^©mffilfclifi, Y 2 © . 
./<AO*#lBe»Jxfcfftt>l(S*U #CfvY 2 fc^A^asflub 
5*Tltic-t-5„ mmz, Zl,,n t)Zl, B tl t)Zi,400 . 

[0 0 2 3] r©<fc ^VWX^JW^W&P^ft 

•C^>#, Y m (cPnAP$nfc^&Sr%x.?)„ 4-, 4o©I 
3SZ n ,in,\ Z ni ni+i n Zn+i.m ^' z irH, m+1 KlftS LT 
VSii-HfJ, X n *Jj;TJ«X n+ i ©ft 1 ©If^VW*.© ; . 
m&nt$£U (m+ D.Se^aSi-Htfil/V X n t> 
X nH fcmiHilffti^il^-P, iW3tZ nim „ Z. 
n+l.Bl±*ffi (?E®) o^T?, Y m+ i 

;V-^*5Pn^p$^^ o X n t>Xn+l t (m+1) #gfctm 

flE:Rflg-cft^©t\ r©^-t,B*z nin n.i . Z 

n+l,m+l Itfc.mtkWibti:?)* « 
[0 0 2 4] J^tc. 0-Cf±^B&£*VT^£;4^ ft2©-tf- 
r^/VW^Sjfcfcfc©^ 5. lOtt, X n t.Xn+1 t 
mSSfcitJ 5 (m+1) #B*«ffi«tt-C<CA»o/t*fe 

Sffi^fiSr^-rSo ^©^ ft (h-1) ©•fr7/<A' 

[0 0 2 5] l^/^W^SiiA/T-. IhOt^< 

A-*;6Sj|5;fc !>©-!: "TSo 0t?f4^$i$Srig(t5fcfc^m 
SSjoJ;^ (m+1) #g£Afl-fi«B&Lfc„ ^©t#, , so 
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x n t>x n H <>m#s»i€ffiWS§-c<cv^©-e. ®^Z 

n.m x Z n +i,m fi@BE«flgSr.«iK-t"5„ L*>U X n +1 
\at (m+1) #g^^E^ffi-Cfo5©T, iii^Z 

n+l.n l±®JE4Kfgri*«&gH-3fc©©, H*Z 

n+l,m+l f± % T^7 i ^y^^©iii^d5^j£^flg-C7i< ft 

[0 0 2 6] £b\Z^ i <DD-zf/</\sX&&fzkZK 
f±, X n © (m+1) #gttmiI:t*l®£:&ofc©-C, Z 
n,m+l (Dftmftm&MfotStlZ,, WT, ftj*5.fctfftk 
©-»J-70*Ao*fc*StvC» ^K^fr. X n +i » X n ©m# 
gi6 5 ®flE^ffi^^ofc©T% IS^Zn.n, , Z n +l,m©^ 

^5. ^©ie>)fcj§SSrS-5r ttrioT, [212©V 
(Z) ic^-f- J: 5 fc, =&B^ri:^miI^li©^Sr'7 f 

[0 0 2 7] Z<D£ot£W}ft*mQmi-^blZ£*) s & 
ffim\zmt>Z>m&' Jl A'xe>1i$*&l l (a) ©J;5K:ffit 

[0,0 2 8] ^±©Siig^fePJb^«eJ; *^p^?t 

3£ SS-e # 5 4^© t> © -e & H fi * h v ^ »t 

5c WW Sr*?i»tJ J * , i-< : f.<5 f8^©"t? 

n «E i"</vS:^J|l: Lfeis, dHtt, 

5V^»±TFT©L#vMitfl;ffiWTT**)5*N W±t?*>5 
V> 5 P^fc»fCfc5©T?v «6*ttw-^i3 -Cfca&gW: 

©*ttS:«fo1>©-ea!)oT'b. «*3ftu^tf4M5>*»t? 
fe55. JW-h©^Jt?»±, Wffitt 1 tf<3o«HK:jfe* 

$ixT^^fc^s aiOlciYi, Y 3> Y 5 ,... tv>5J;5J- 
**L, *©«» Y 2 , Y 4 , Y 6> .' <b^e> J: 5 U:**-*- 

[0 0 2 9]. 

mmm 1 j *3his«-<?»±bi 4 t^-r j; 5 ^0^^ 

fc©-C, iomW&'UO. *fc^r©K©TFTtt, 

[ 0 0 3 0 ]. ::©Hl&«jfcfc#JS-raUHl©Wfi*©B 

S1Sfi£Srlo©iii^^o^-C,.ia5»C^LT^5o * 
r, *Hte^JT-^i--5^S>^^©f^M*feSrHl 6 Sr 
ffifflbrlfiW-t-5o *IIPJSrlllifei-5fc«)tctt, 10© 
WB\Z N T F T t P T F T & 2 o^ftJbS ©T\ 
|f4o©TFTSrl2K-^-f-i^ fffiBS-fk©fc*»c:, ##f4 
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NTFTtPTFT UT^t 5. 0 6 

(A) K*5^T, ^^7^^wSfiifi-e/iv^7 oo^a 
T, 0SJx.tf#J6 0 0 , CcDlSi*Q : S»cBt^#5^7^5 0± 

•y*>-?m5 1 i LXOmtmmilg* 1 0 0 0~300 

o Arojp^^ia-t-s. .^D-fe^^figs^i o o%# 

f&mU&l 5 CC. W^400~80 OW, 
O. 5 P a t tfc„ 9-fv bttn-atHtrnfefkisy 
aV£/BWc$;Jgj£gte3 0~1 0 0 A/#-Cfcofc„ 
[0 0 3 1 ] Z<D±.tei/}) ^yg^^y^CVDiSI: 

i •? &mm 5 2 sr^ss ufc„ aasBaAtt 2 5 o t~ 3 5 

0X:X-n^^MXi±3 2 Ott U ;>7 XSiH 
4)=Srffl^fCo */v'7^(SiH4)»cPfit J i* > S?^7V(Si 2 
H 6 ) y->7V(Si 3 H8)Srffl^'Cti<'N <> r^P>Sr 

PCVDi£firttC3 P aOffi^-C^AU, 13. 5 6M 

#140. 0 2~0. 1 OW/cm2 MiM^Xh'O. *M 
mmXi-iO. 0 5 5W/cm 2 £/BV>fc„ */v- 
7>-(SiH 4 )cDjKl:»i2 O SCCMt U J E:0>B#<S>/£M& 
gf(4^1 2 OA/ ftXh^tc 0 PTFTi'NtFTt© 
^UyVa^-^KiSffi (Vth) 4:«tB&lR]— »-»Jffll-t"5' 
fcfe, /Jx^^Sr^^V^fflt^T 1 X1015— 1 X10l8 cm 

-3cojg«t u-cdtw'ffcaaipu-ci ifeTFT© 

[0 0 3 2] Xs<-y*ttiV>mg. 
Sri X10- 5 P a£ATi: U.'^^v-y ^^Sr^-^s/ h 
i:LT> T/V^>'^7k^Sr2 0~8 0%iSAL-fc#H^ 
T'tfofc. mX-t£T*l'=*>'2 6%* *^8 0%iLfc, 
jftflttt&ti 1 5 0*0, JS2£$:f4 13. 56MHz, ^ 
V 9 tbTJfi 400~800W, JE^fiO. 5Patfco 

[0033] MJE^'ffiffi'-e^-rs^s ttAfcAA £ 

H100~2 0 0*C{g*'>4 5 0~5 5 CC/ 0Hx.fi 5 
3 V(Si 2 H6) Mi ->7>-(Si3H 8 ) £ 

C VDglCM Lfc. ' SJ^^rtff 3 0- 
3 0 0 P a t Lfc 0 ricSSgSfi 5 0 ~ 2 5 0 A/ ^Tfc 
ofc. PTFTiNTFTiWl'?W*-4'K«I 
(Vth) ^r*KB&Pl — tC^-f-5fc», '*!?$Sr^7y 
Srffli^T l xio 15 ~ 1 xio 18 cnr 3 £>^ig:£ LT)^K I P(c: 

[0034] rtbbro*fe»-J;oT^$ix7t1SKfi, 

W&ft 5 X 1021cm-3EATT-fo5 C i UV\ ttAfl: 

L< tt 1 xl0 19 cni- 3 mTt-r5 £ £#3* L^iS. 



/0 

b fc^ \, 7k^l± 4 X 10 20 cm-3-Cfc 9 * SHi 4 X 10 22 

[0 0 3 5] y-*. KWVK»ttJ:9*ift 

itZm&ZitZtcib, ^SSSr7Xl0l9 C m-3EiT. # 
£ L< 1*1 xl0l9cm-3j^Ti: U f^t^MtSTF 

5 x io 20 ~ 5 x io 21 cnf 3 t 5 J: 5 Kifc#n t> <t t \ 
~ 5 0 6 0 A, ^mt&mxi-i 1 0 0 0 AroJ¥$ Kj&lg L 

[0 0 3 6] ^©t, 7;* hUv 5 ^ h5 3?r-7^^P 1 

ttJBfcft*^Ml5-4*r^«Ufc. 2 5 OTC 

~3 5 0*C-C*5r^V\ #2Sifc0i|-ett3 2 0*Ct U * 
/ v- 7 > (SiKj) t * J v- 7 >"<— * <D 7 * X 7 << V (P 
H 3 ) 3%^&<Oh<0^m^ s tz 0 -Hfe&PCVDgart 
5Pa©E^T?l:#AU 13. 5 6 MH z Oi« JUififfi 

/jSr*Px.-cfiKMbfc. SiJl&m^tto. 0 5- 

20 0. 2 0W/cm 2 fl5ig^-?fc!?, #Ht&M-CW:0. 1 
2 0 W/ c m 2 ?rffll/''fco 

[0 0 3 7] iW*&^«to-C(±S5l5±^ofcnS!->y = 
vS©it*^«2 X 1 0" 1 CQ cm -1 ] Ufebte-o 
fco )B|l45 0AtLfc. ^y7h*7SS:ffl^ 
T, ^ F5 3'S:iiU y— ^ • KW>-^5 
5, 5 6Sr^Lfc. 

[0 0 3 8] |R)#C»7°n-fe^$-fflV^, P M<0?S14SS: 

/ * © 7 V (B 2 H6) 5 t>'rc> Srffl ^ ^ 

so fc 0 ril,b?rPCVDgfrtlC4 P a (DE^-efdiSA 
U 13. 5 6MHzWiaMliS«#S:*Bx.-C^c^Lfco 
^W^, Sijl&m73ttO. 0 5~0. 2 OW/cm 2 *5 
iSa-CfcO. *HJ£^-C»40. 1 20W/cm 2 SrfflV^ 
I«D*»KJ:oTai*±*ofepi f /y3ylOJt 
sg®Pfi5 X I 0"2 (Q cm-1) gSi'feofco J8£J¥te 

5 0 Aafc o *©ttNffi««2:IBI*IIK:y 7 h*7«s4r' 
ffll->T, y— ^ • K^-f HB$5 9/ 6 0 SrJ^fiKLfCo 
*<D'<k. P 3Srfflt^Ta^5 2.Sr^s/^>-^^ 

40 6 3 i P f t^^Ifl F 7 ^ I7-f 7 V Ktl« 

6 4£J&&Lfc. ' 

[00 3 9] ^roSX e C 1 x.4r->-e U— !f— Srffll^ 

t, y-^ • KWv-ft^/^i'-f-T^- 

1 30mJ/c m 2 "C, Kff 2 2 0 

raj/cm 2 ^^^^. L^L, f|Oi»?)2 2 0m 
J /cm 2 JW±<^:M^¥-£JfJH-3i:> ffll+t-S* 
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'&KmM£itZ>&W&k : b. *HJSfiSjTHSWl 5 0m 
]/cm 2 T?7K^(Dji^ffiLiS:tT/<Cofc^, 2 3 0mJ 
/cm 2 -CSS^kSrJsr^ofco 
[0040] i©±tiWkaSW!l*^ h«tLt 
5 0 0—2 0 0 0 AmXtf 1 0 0 0 AOffSKJ^&L 

[0 04 1] rcO±ft0lC!J VtfS 1~5 X 1021cm 

WSi 2 i:.C>#JIJgi£JI^Lfc 0 dtufclM ©7* 
P4»C1-C/n^- = ^^U-CE!6 (D) £#fc„ NTFTffl 
©y-T hl@6 6, PTFTffl©^ hWM6 7 *Mf& 

Y-y^M^O. 2^itk ^<9±K^y T/y^fcO. 3 
jtmCDJ^lC^&Lfc. |5)B^ E!6 (D' ) iC^-fX 

[0 0 4 2] *fc, y-MW»iU7/W5-^ 20 
(Al) £rffllOfc#£\ m^^4W7^- Y^^t P 4K 

<SMd>?5 $ "bl-T F TCC»^S:±tf 5 CI t 5. 
[0043].^<t5i> 4 0 OtJWi^-f-^TWXa 
t??aSSr*P^.-5 r.i <C/TFT ^ t 

fflV>/,t<-Ct<t<, *^!«(D7CiiiffiO?KS^gS(-# 30 
*? T U tz. -7 oir T fo 5 t 5 „ 
[0 0 4 4] EI 6 (E) fc*5^T» ®K^fe6 8§rHtI 

fc» roMlflWF^IiLPCVD^ ftCVD 
jfc, #ffiCVDi££fflt>T'b«fcl/\> CTxitfO. 2-0. 

5£rffi^Tm®ffl<0&7 9 SrJBfifcbfc. ^cd&, £ <b 

;<y?mz.&r>Bf8 l l,m6<D7* V^r*9 P 6 fcffl^T 
y- K7 4*JitJ 5 =>'^^ h 7 3, 7 5Srf^lULfc 0 CI <o 
5UT, El6 (E) 2: (E ' ) fcftfc. W<fc, Sffifc 

¥ti^ffl*«i«tfli 7 7«*tfiS3ttt*y 5 h-mnzzm 

tfJTWJU W«0«fli^*)«t«rJIS7©7* h-^^^ P 7 
fcTfrofc. 3feK:, I TO M^^A 

gHfcffl) &0. 1 /tmOTff^K^y^ffiK:* fJ^fiJcl- 
BS©:?;*- h-v^^ P 8 5rfflt^TiS^li®7 l£^J*L 
fc 0 I TOfi^ffi- 1 5 O'C'Cj&lglU 2 0 0-4 

[0045] :5 LT> H6 (F) t (F- ) Sr^#^ 
0 6 (F ' ) <DA-A' £0®rffiEI&EI6 (G) \z^-f„ so 
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tfibiv EH-^-r«fc?»^ ii®§iil/& 7 l <DT*1 

Zflkm&fK®M6 8 ilS7 1 

Kig|6 8Kty-T MS&6 5 trffffcSOt', 2lBiMm 
[0 0 4 6] :©i 5»-b-C^$HfcI£^6 8 

ffim<Dffl\£mv btitz.m i o i ei 1 1 -e*$ax5 <t 5 # 
isisssr^ p . v ^■rtibmm^ffittn&.&frfrz ^on 

liK-f v^^tu-CV^i^^fW^, ITOcoJ;5 
[oo.47].r©r t (i, ^Jx.«, El l o ro#f£lH]S& 

iS/.NTF T P T F.T . S Wi-t & *> fe-Sfc C 
/TFTT-^^tvXV^ r td^Mb^T'fc^^c * 
fc, Ell 1 (O^SI[e]8SttTFT«^$ixTV^«C^d 5 , 
Ktt, W^tf P I Nf^llioTM^n. * 

ft >; j(fKyit- KfiN i n, 

P.I P. NPN, foSVMiPNPtV-'ofcWJtSr^'L, 
^*>^*>tftBJ-T 5 S "C h ft < » *5BttWC* L tiWWljj 

So 

[00 4 8] ^T, W±<OJ;5t-L-C#? J HfcTFTC0 
m»W*«Pttf4PTFT-e»tt«tt4p (crnZ/Vs) , V 
thfi-5. .9 (V) X\ NTFTT?$1SI18 0 (cn.2/ 
Vs) . .Vthtt 5 . 0 (V) "Cfcofco 

[ 0.0 4 9 j -±E©«fc#»fcttoTfia!^ixfc*i6* 

j: s^-r l?'<-?*m$.-f*> TFT 

Xi v X 2 ^Jftf»-^tt?3itTV^5o ClWiP^C/T 
FTSrffiV^CT h y ^^«Afe*^b«)fco.A^-5tilit 
Sr£*. iTl-i^'PjI-rr tK.X 0, 6 4 0X4 8 0, 
1 2 8 0 X 9 6 0 t»/''ofc7Cip)^CDffi^*^aii-5 
rtiS-C^So *^J£CTff*1.9 2 0X 4,0 Oi: Lfc c 

[005 0] {t!l7JcDS«(D^SI*}feSrEI 7 ^^-f. #7 

^b5:-7. trva— hfe^rffl V>T 1 ^ mcDJP^.»Cfi£® 
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b^*?P 1 0§rfflVT#£,:7<</V^-8 
3 L/C L-C-e* * PH, P 1 2 £<£ffl 

[0 0 5 1 ] I TO U Vv 5 ^- 

AgMtlg) £0. l MmWJP^-tc^/^s'^ifetc,};?)^ 
1 0<D7* h^T-tP 1 0 &m\<^X&m^M9 0 
bfc. I TO fi^M- 1 5 0 "CX^ISI U 2 0 

0- 3 0 OX><oMm-£tcte*i%<P<z>T~-Mz£r)i$.ffi. 
U Sg2roS«£#fc 0 

[0 0 5 2] IWEWR-tK:. a- 7 -fc y hft^fflV^ *K 
y^S KWW#*:W*IU. *IMktt#IB«*:i:*.fa*- 
«flJ:T3 5 Olc'l«HB]«j«SrfTofc, 

[0 0 5 3] *<D*g x WrtBJIS— ©**iJBZl©a«KJ: 
ot, *^y>»Maj^*^l^J«HSr^#**> 
tttfHWWfc-CBfcLfc. **±©y-KK:TABJlMRo 
^Sb I C £ Wttffifltfctf-f-* P C B £ttR 

tUt^tHfc. t6*OCRT*«OfH?iJt^ 

l, H12lc^Lfctwt, S*K«tera*fc«*Sr«*llF 
[0054] tmitw 2 J *HM0iJ-e(±ia 4 <t 

5 ttEII6«|j**:fflv^fcKi6**|fi1t*rfflv^-C, 

[0 0 5 5] £ATT'»i, T F TgB^Ofl^jfrftlCO^T 
IH8tc:LfcdSoTfB3ifi-t-5. i'8 (A) fCjo^T, 52% 
tf7*1*0>1Smift£^7 0 OtBlT, 6 0 0X3 

<OfRi*&®l-5&i#5^7^ 1 0 0±\C-7?* bnVRF 

(iftHtt) *'<y*ifc*:JB^-C7*n y^iffB 1 0 1 £ 
L"C©lMI3£IMJt*:l 0 0 0-3 0 0 0 A©ff£fcfER 

1- s.- 7 , nwftttBB*i oo%#b«l i&mumi 

5 0*C, W^J4 0 0 — 8 0 0W, E.t)0. 5PaiL 
Kiiflf tt 3 0 - 1 0 0 k/ftX'h o fc„ 

[0 0 5 6] r.<o±»cv-y =3 >-0^7*7X-7C VDfefc 



/4 

iOS^Il 0 2£f^KLfc. J&lgififtfi2 5 0<C~3 
5 O'C-e : ?TV^||JS0ijT-fi3 2 0*Ci: U t/'v'fXS 
iH 4 )£ffl^fc„ *yv/7 V(SiH4)Kll8&f . i?*s?'s(S 
i 2 H 6 ) *fc h!> V7V(Si3HB) £ffl^Tt><fcV\, -Vlfc 
5rPCVD$iart»c:3 P a WJE^IT^AL. 13. 5 6 

S*fi0: 0 2 — 0. 1 0W/cm 2 # 
Xttffll-CttO. 0 5 5W/cm2 fcJB^fc. 
V7^(SiH4>(7)ijE*f±2 0 SCCMi U -t©^<Z)fifeJBI 
io W(iilSll-2 0A/»-C*)ofc, PTFTtNTFTt 
o^i^y-«>a*-/i/K«£E (Vth) fcW&PJ— fcWJW-** 

cm-3<Djgari: u-daK* icasadp utwv\'*tTFT 

* */vfffsfc £ ft 3 v- y -3 -<d&M\z. fi r. © 7* 7 X 

■vCVD*r»*-T?fc<, *'<y*ifc* tflECVDtfeSrfflV* 

[0 0 5 7\ X'<y# feXft 5 ifrt. 
Srl'xi(r5p a BUT* U lftft*S/J» =" -f? h 

tLT, TVvaVfc**^ 0-8 0 %j!iA Ufcf?ia^ 
20 T'ffofc. 2 0 %. : *§lt 8 0 % i Lfc. 

-ARfidEtll 5 Ot:. Jl&^ttl 3. 5 6MHz, 
y^ab^7tt'4 0 0 — 8 0 OW,'ff^liO.- 5 P a Tfoo 

[0058] j*E*MBifct?»j«i-**fi\ l**fl:aKJ: 

9t)100~20 0'Cig;^4 5 0-5 5 Ot,- ^J^(i5 
3 0 c CT?^->9V(Si 2 H 6 ) ifct±hy ->'7>'(Si3H 8 )- 5r 
CVDgil:MLtMtfc. ©SjFrtE^lt3 0~ 

3 0 O P a t bfc„ 5 0- 2 5 0 A/ 

ofc„ PTFTiNTFTtO^l'5' Va*-* KHU£ 
30 (vth) «r«B»ra— fc*J»-t-5fc», *i>#«r^aK7^ 
Srffll^T 1 X10l5~ l xi0l8 C m-3<Di!lS^ bTJ5Ktt c P»- 

[0 0 5 9 ] .^*bfe«>*ftfcJ:o"C»j*$*i.fc«Bltt, 
^**S5 X1021 C m-3aT-e*>5 :t#ff* IS Aft 

Sr|ib*§*5fc*(c:fi, ifelKSftt: 7 xioiWS^T, 
U< ttl X10l9cm-3j^Tti _ '5i t* 5 M* Ll^5, 

*&ft*fc£-£fc<'<, u—^'-T--^ 

tf« 4 X l02Ocnr 3 -e*-!K ^* 4 X 1022 

|0 0 6 0l'4fe, y-Xi KU"T>-^bT«t >3*SS 
^b5rSb*$ii:5fc«), 7 xioi»cm-36lT» ff 

4 L < 1 X 10l9cra-3j^T t ■fe^VflJj5Ki"5 T F 

5 X 1020~ 5 X 1021cm-3 1 1£ 5 J: 0 \C&M LT t> «t 1/ \ 

±iE*jfeiwj;oT.. r^/^77 ^^M<ommmi: 5 00 

-5 000A> *Ht£0y-C-tel 0 00A©ff$l:«l 
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[00 6 1] i<DWi. 7*h^H0 3^?P 
lJrffl^TNTFTOy-^ • K W t &5-<t 

i9 H 2X 1 0l 4 -5 X 1 0l 6 cm-2, ffSKIi2X 
10 16 cm- 2 »t, SAL. na^ttttfiWEl 0 4«r» 
iSLfco -t<Z)«, MO 3li8fe*£itfc« 

[0 0 6 2] W^HOSSrMU -^^^ 

P2£rffl^T, PTFT^y-^ • K W ^SWEi: 

i/^MOSSrv^^tU, pi<0^«*««10 6 

^-^aAffiSrffl^X, 2 X 1 0l 4 -5 x 1 0 16 cm- 2 , 
' jtf* L<I42 x 1 0 16 cm- 2 fctt, :^tt*Sr»ALfco 
I^i9iatc El 8 (B) Sr#fc 0 
[0 0 6 3] 3S^JKl 0 2il:, 1^50-3 

O 0 nnu 0Sx.fi*- 1 0 0 nra(OSfciittl 0 7 
Sr. ±E<^ R F ^/^ ^ ifcia o T W Lfe 0 -tUT, 

/I,*?— j&s i. 3 OraJ/.c m 2 ;C, Btff^** s *Bl"t"5fc- 
tt2 2 0m j/cm2 Mgt/j:§ 0 L*»U, *H)*>k 
2 2 0 m J / c m 2 K±COx^;v¥-SrlWtS t , J8I 

5 Om J/cm 2 T7K*^>iiVWUSrff)fcofc«, 2 3 

omj/cm 2 -eftilMbSrJaii^ofco v— ? 

[0 0 6 4] *.<D& S 7* h-r.X? P 3»Cfcot\ T-f . 
7^KttONT.FT««l Hi PTF TSIjtl 1 2 £ 

LT 5 0 0 — 2 0 0 0 A#!I;itf 1 0 0 0 A©ff SfcJKj* 

4:151— *«=i Ufc- r^j*R*fc#*t'>*^U 

[0 0 6 5] ^(OifliJty V*S 1-5 X10 21 cm 

P4l:t/^-^y^lta6(D) NTFTffl 

hmsi o 9, PTFTffl^ bmmi 1 o* 

y vK-^SISrO. ^itc^y^fyS: 

o. 3 ^m©fSK»iJLfc, ^fi^^rv^^ 

' [0 0 6 6] r.<DE»<DWR£ Lttt, ±tsco^^ 
\zh. W^-fiTA-S^A (a 1 ) Sr/fl^Sdirk^Iffi 50 
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h^^P4lc-c^- = ^^a* *<z>*B5«:IWfflfcft: 

[0 0 6 7] 4 0 0t»±Ct'<t«)I8 

■Cja****.* w i: < C/TFT Srf£<5 ^. £ 

ffli^fc< Tfc <fc< *38W<0*iBffi^SKfi**iS*fc* 
to «> T £ L ^ n ir ;* *> S h V ^ 5 0 
[006 8] 08 (E) fc*5V*T. JMQ&lkttl 1 3 5r 

fc. r<0SMbS*ttO?»jattLPCVD8fe, JtCVD 
ft, ffffCVD«6*ffl^ttJ:^ 8 «*.ff0. 2-0. 

5^ffl^TlSffl^ll 7 WLfco ^O^, 

/^7^Sta?)Ml^6^7^ h-e*^ P 6*r/H^-C 
y-h'l 16^^^^ hi 14, 115Sr^$gL 

fca, $isr¥«:fflt«WBi 1 9,. 

7* 7\ZX'fTitc 0 £ I 

TO' (^^^!>*ftft«) SrO. l/im©ff*K^!/ 
#mz£9M&Vm8.<D7* b-?*t P.8 Srffit^-CW* 
lil}8 Sr»jftUfco w<D I TOIiSl- 1 5 OTCe 
J*JRU 2 0 0 — 4,0 O^cO^Sfctt^t^T^- 

[0 0 6 9] ft &hfeT F TOWW^ttttP T F T 
•C^lbfttt3 5 (cm 2 /Vs) , Vthtt-5. 9 (V) T% 
NTFT-C»iSttt9 0 (cm 2 /Vs) , Vthtt4. 8 

(V) T^&ofco 

[0 0 7 0] ±IEO*4*ffifct!eoTfKK*^*A« 

s=Kcof^Si*ft«liM^Ji trau-cfcao-e**^** 

ffl^Lfco **R±<0y.-KI-TAB»«O«6l Ct* 
«ttE»Sr*-r5PCBSr«l«tU *MWfc:flttfc 

t^o/Co r<Dffi^^ utrcoSbf^fiH H El2ic^:Ufct> 
{0 0 7 \ \ 
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i UTV^S. %<0®&t L-C, 6 4 0 X 4 0 0 K 

V\-a-f+2 5 6. 0 0 0<@<OTFT-f--<-Cro#tt5rrft) 
ttSXtt. 9 1. 16 PgP«^* s K# i 

ptP**-f-«ii:U:J:0» 2 5 6»W**«±©PWi* 
FTO^tffeofcfciaiW©** 

9, U^ot, TFTro(iP>0#^/>/r$jo-Ct>^ ffi 

tt tf t> o * © '> 4 1 > T F T 6 ft * "C #@ 9 # 
JBa»ofc©K#U «WCtot', TFTOjWD* 

[00 7 2] 0<Jx.tf6 40X40 0 h®2 5 6, 0 
0 0|&©TFT5:3 0 Ommfctefft&LfciKfiS^fc^ 

TFT©#ita tjO#^± 1 0%#*E-f?>fcftl-s 1 
St?I«t^9*7-^tlWA/t 1 6,7 77, 2 

[0073] *»w©sas«-ctt. -> y ^ v-srfflvNfcT 



w^^SbSttS 6 0 0 cm 2 /v s , *-;M#ifrg»* 
1 800 cm 2 /Vsi, |gS->M^I (m^-» 
fbfiE t? 1 3 5 0 cm 2 /V s . A'&glgEtM 80 c 
m 2 /Vs) ©ffcttSr-hlHlo-O^fcft, ftiifSft^S 

aVKJt^TlgK, {gMT^-fe^Kfi 
[00 74] *»WOft«S»*:ttW-tSfc»^. 

[|3ffi«3fl8**ttW] 

[HI 1 ] ^Wfc.fc'SSBlbfi^©^**"**. 
[02] *|BWfc±-5Kib«^©0 1 J**'t-. 

-To 

[1214] #389lfcJ:3-*' I- 9 9 7Mfi&>W&nr1r* 
[05] |51S0S^J:5* I F-w s Fffi«5i** - t*o 
[0 6] mtmK. i§T FT cDT'o-fe^Sr^-r. 
[07] J«t«CJ:5*?-7-f /u#-©xa*r^ 
1". 

[08] |Ut«K:J:5TFT©!/o-fc^*r^. 
[09] Sdfc«fci8l*a««iaiS©SNlM*S:* , *"o 
[010] fliM<|fc*Jtt5««ISll©0!l«:*'t". 
[011] 5WW=fett5««iaiS©fcl4:*"*". 



t$ §8 ¥6-95075 



(11) 



imi] 



[04] 



A 
B 
C 
D 





nnnnn 






n n n n . 






fi n n n n 


— > r 

i 
i 

f r 


r 


C a. > 



2 5 60 



V (X. 



V (X- > 

V (Yi > 

V (Yp } 

V (Y-.) 

V,<Y*..) 



. > 1 nnnnnnmrir i rcmmni 



n n+1 



C to > 



mi i ] 




(A) 



n 4 0 0 



n .1! - 




n 














i , 



-AA/V- 




[09] 



# * 0 » 



CB) 




0 

Q 



is a e * v «6 m » 

6dd 0 0 0 



W * SI * 



x» 



Ytt 



0 # 



X X' 



§8 ¥ 6-95075 



(12) 



m2] 



ms] 



1 h i J k 2 5 6 

I ^1 1 1 1 ^ 1 1 1 1 1 1 A>o /<>/ A*2 /aj i , 

II 2 S ■ 1 400 nil inH Bitl.mH ibH / / / ( 11 

jiLim.iL...M....DL...[i_..[l....[]U I ; - f > ' — '-X - 



V <x 

V <X. ) 

V (X.m) 

V pe M ,> 

V <Yi ) 

V <Y- > 

V (Ydm) 



V (YmJ 



Em.m.LL....Lii._.iii....m....[ii....[iL 



iij]m.a_..:.LD....La:cD....iii...ni 



m:aiLLuQi:cn_..iii.Jii„.[ii 



Jt._...:ii_:..:JL.:..JL....JL....L 

JL^. M...JL.JL.JL.J1 



i ! 



_JL^._ 





/«< i/ - * - ft 



X. " I. I 4 i i IM 




(C) 



tit> 



(D) 




[I33] 5 




TN&rS* T=3rasecO^ 



# §8 ¥6-95075 



(13) 



lias] ism 




CA) CB) CO 




CEO 



WWI 1 6-9507 5 



(14) 



[06] I® 61 




i#^«he#] 

¥)*5¥9fl 9 B 
[fflIE*ttMHH«] WW* 

[01] *^W»-i5iEWiffli^cO^J5r*i-o 
[El 2] ;*«3lifcJ:3»lMSJ»<00!l«:*-*-. 

i". 

[04] *»MK:J:5^ M * *«J«©09 
[0 5] 3l;te#lfc.}:35ii^<P¥E«j££^"t-. 



[06] sjjafcfliKiiSTiFTW^o-fe^Sr*-*-. 
[0 7] IffiMI-iSTFTOyDt^Srit. 
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[»#jai] a*±£. N*©«-9-jftx.i,.x2, • • 

Y 2 , . • Y M itC«toT-7 S V **:RlE#J«£ilrt:K 



\c®\tbntcmmz ! ! , z 12 ,, ... . 

Z m n. • .• • ZMNt*tUJl©Pf-+^Sf 

©AW^iSSr^ix-t'iv^JS 2 05 P ^/wSiajffii h 7 V 
^(DAtiWiffilclgfgu WEJ52©P9-v*/i'a»Kh 
l, Y 2l • • Y m , . . Y M ©5*)<DloOj|^lY 
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tltc. jgf^Yi. Y 2 , • • • Y m> . . Y M <Obh 

1. X2, X n , • • X N co5 *><D loKgsg£U 

SSHIh^v^^oyw h*6»i1iWE«*feY m fc# 

^T»i«**X n *ffiiAP*.ai:i:t>fc, m^Y m lc: >o 
ffifW (Ti-To) J:9fc«^fH§-«:JP*.S»Si:» B# 
MT2^T3 (T3>T 2 ) fc*S<^Tf4, flt»i»X n 
fc«ESran*.*V^"CfS*aiY m fcH:, WIW (T 3 - 
T 2 ) J:5t>«v x W#SriPA.aiaSi:S:* , U -fcoT, 

[!f&g2] *KJ:fc. N^^I^X'l, X 2 , • • 
X n> . . X N ir, ^Ht-iE^i-5M*^f-g-^Y i 
Y 2 ^ • • Y m , . . Y M £K.£^"C-7 h y txmt-B 
f&ZivltUZmt. ^ t" y ^^W^^^ii, '>ft 20 

&£jfcWfcKttfcftfcH*z i x> z 12> . . . z 

mn, . ;. . ZMNi^tU SlOPft^S»l 
h 7 Vv 5 '^ * h m 1 ©N?^* A'SSHR h 7 * <T> 

7.*coAttt;£)ffi, &2(DN^\*frm8mVy^V** 
«?Aa*«iK:SBK U» itfJlESS 2 cop^^/vg!*®! 1-7 
v-^^te^AtiJ^aSSr, m-i-iSYi, Y 2i . . so 
Y m , • • ' YM©5*>tOloc7>{f^Y m »^lgcU. mi 

HMlBft^Y m cDi:^t?{c^;ft^nfc, Y 
1. Y 2 , . . Y m> . . Y M W5*)Olocom^Y 

;* * tJ J; tfgS 1 <d P ^ + * /H! ffR h 9 ^ * © ^* f 

h*ffi«r#»fcSBRL-C. fl#^Xi, X 2l . . X 
n, . . Xn© 5 ^Wl olefin U HflfS^2C0P^-V 
^SiIh7V-^^<oW h«tt*1IWEfflr*KY 

m + 1 u : uwess 2 © n * *^mmm «° 

^giWKiS^X: mMnM^frXfflM&S Ora sec 

*«fe t *3 ^T, ' /W* *g £ m-T 5 £ K «fc o T pgfE 
**S:*5r ft 5 i t Sr^t 
tsf*JS3] St5±J-. N$rofsflXi; x 2 , . . 
X n , . . XNi- ^WcjS^-t-^M^coffi^Y i , 
Y 2 , • • Y m , . . Y M irlO:oT-7 h y ? xm^B 

< 1 1> 2oc0Nf L -^^/l'l!i^K h7>"^^J: / >'!c< t 50 
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#m&&mcmvbintciMmz 1 1, zi 2 , . . . z 

mn ZMNi^tU ^ 1 tf> Pt^^A-S^IS 

AttS;*j3Si£«gcU rHfciififEiBfiimSK^U te» 
AttiJjiQ&ZtiZ'h^M 2 <D P * 4^§!SJg K 9 v v 5 

©AtH;*7S£K«jgE U B&fS3!2<DP7^*/H!5$J8l h7 
V^^^rote^roAffi^Sr," fs#HY i, Y 2 . . . 
Y m, • • Y M <D5*><9 1o<£>{f^-i&Y m K:&^U HU 
fE^2 ©N^^A-SffJgl h 7 Vv 5 * * cote^cOAtiJ* 
ffiSr, flllEff-i-i^YniCOi^iJ^^bnfc, {f^Y 
1. Y 2> . . Y m> . . YMCD5*><0lo<E>{f^Y 
m+lt^SSRU SSIE^icON^^^-'V'SjiMh7>'v ! 
^^fej;^ 1 ©Pf+^/WllH F^V^^©^ 
h®HSr*a^i^LT, m-i-i^Xi. X 2 , . . X 
n, . . Xn©5*jCO loJd^L-. flfFfE^2coP^-V 

m+ 1 \zwm u fltnaiB 2 wr^^/mmm h 7 

xftDfJ h»BttifflB«*fcY m fcgSfc£*t;/S:«»# 

^B^*J^T;, tt#»ff4i^Y m lc(4J^»6?jtc:fs^-A5 

{S-§-i68Y m tcf±MI»W»-«-^Sr 

[¥Wl|jE2l; . ■'■ I 

[MElW ■ 
[000 1] . 

tLt»il<7^^ (JUTT F T t V 5 ) Sr^fflb 

57tc ^{S-g-Sr t7^f-f 7*^ J ?-Jc:EnAp-r5 r £ ft 
<, PWi**4:J3rft5» w^fo^a^^i^^-'i'WW* 

[000 2] • 

HftflL&Zmmi-ZZk -CON/OFF, -t-ftfrt^Pg 
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-f^fyK-^f^^) WUss STN (*—'<—- 

tC@*T', TNWiihOW&Kii. tlOmsec, ST 
Nj|£i&cD#-g-fc:fig: 10 0msec, &ffin,'&M&<OWi 
\ On s e c, ^»Sfc^V^i^!i-^-f^B<0 

[0003] m&*%m \.tz.n,9\%^mw.<o 5*>ttc 

ilh7>"^^ (TFT) £fflV\ TFTKttT^W 
77^ifcli^f B i^S#Jfflv^ > l ocoiij^icp 
»i NSco i/ >-f ^<o^<o # ■< -f<r> T F T Srffl 

(NTFTtV*5) 4rH*fcEyUfciiilSL-C^5. -t U 

ffi^OK^-t-SSmt-lStt^^fcTFT^^^A^ffi . 
^PPAn & ^3 i T F T #0 N#Ji i46w'i Srf Uffl U 
XWi&m$i<00 N/O F F &WJtdf&JiJPl-5 h <DT*&o 

[0 0 0 4] 

[0 0 0 5] L*»Lfc#$>, r^J: 5^e^j£t?fi, #J;L 

«>. ttSiEtta^lX Jlfto-C 

L.*5;I,^:#fco/ u ;: 0 #J;if4\ TNttfc©»&, ON/ 
OFFttflgcomtt^li. *<J1. 2Vt?fc!3, 16|5gl8£- 
^-tt/^ti-S^-g'trfi, ffiA0tttt£&7 5mV©f» 
tf-CfM»-*"S ****** ofc. %<Dtzlb. H^tCttl 6Pt 

[0 0 0 6] Z.(DX 9»-P^lSS^* 5 SliT*fo5tV^C so 



75 

t a. m&^r u-mw.&'&x<D-fi8:(f}t£m7jkma 

[000 7] ^KfitS*, SJi-CfcofcPgia^Sr^ 
[000 8] 

[0 0 0 9] M*J£* ft*W4tti&*t»-e*>4TN 

0!J*.tf, Ell (a) K^T, AV^ZtiZXltelGM 

SrEtULfc. ~ ^-C, /-NVPX<OJDSB(i 1 m s e c i L 

iifir©±E©TN«fi$rate*S^-Cfi, 1ms 
l±TN**ttKiSLJ5tV'»0-C*>5. LfciSoT. V^tt 

w^-a-ic fcjM&ttON:ifc*fc*gii-a r. t »±^?rffi4»± 

[0 0 10] ■t©A#W*iSS»-'3^T»i*^3NBlr.*3 
rf»oTi>&i\, *^P^Ab»i, r.<o?a* 

fe(D^^W^(0MlfflliTNJSfB<04i-g-(CJi 1 OmsecH 

[ooii] >^^^<^)D^t^^l§ > 6]^-o^^ 

yiJOS^-fcli. T^/^v^.(Djl^T-fe»9 , t 
[0 01 2] RtiK&3bJfctt, STNffifiJcfcV^Tfc. §S 
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TNfSfafCtJU-'Tfi. lOOmsecWT, ®-fSL< 
lilOmsec «7, 3S^€H4^fB^*i^Ttt 1 0 ^ s 
e cgAT, <Z>-e*L<ttl Me c«T, tfy-^-ifoS 
foSlMi^fiSc^SJ-fc^-Cfil Oms e cElT, 
tKttlms e cUT<DfflM<Ds</l'*$;Mz-Z>Z t\C 

[0013] ilf^fi, 7- 4?<oiB^T*»4 1 fMBfc 3 0 

*S o T , 1 #CCDf!HtiIi;&Sil8igc1- 5 B^Pfl f±il$ 3 0msec 
-CfcSo rwNfWf4Ara<OHC(4fc* •? k -c, 

t, nitmz t*»±m# i & i «csssu-r-5 ^ t 
[0014] &&mzmm u-c 2 5 6 pgiswpgp^* 

;©3rasec WH^WS:, >>fc < £ t> 2 5 6 #f"J U 5 5 

■C»ffl-t-Sf8S>K3ftS*>5. i-^^*>, Iit3ms e c/ 
256 = 11. 7 *x s e c tfV*/u;*:tfc©®E#Pl3lil;:a» 

#»«tttt#i*Stt*H«-e*> 9,2 5 6 pgp£#3fc 

[0 0 15] L;J>fc, S^coiii^*^^*3r^5^a-»c 

7jk*&mv&. m%.t£4 o ofrtwtT^fc?). i-ft<b*>, 

0 n s e c tV^5®M^tt/i s *«)biT>2>o * 
<D.t 5 /i®B#FB^^'ttSr*-r5lH]?Scotfi|$r04 m^L, 

[0016] H4tt*«W*r5lllti-4fcftl!:^R/j:ttiB 

■5 l^fi P T F T tdVXXj vf-^'/ZiS^teo <OX\&£ 
<, I3 4fc^.$tu5«}; 5»-NTFTi: PTFTiriMSffi 

[0 0 17] r<O^J-C(4NXM(D^ K D ? X<DW&?fL 

[00 18] HMKfi, 4o©»^ W<-*®Sg#fla 
NT FT £'>-&< t t>2o<DPTFTfabffif$.£ilZ><> 
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TFT^gcJi. ^FS^^HaEb/c^^^T, Zbizm 

©NTFTiPTFT©^ hmM^iS^BX n 

r«NTFTiPTFT©y-^fe5VMi 
K^yo-^ill'Cgi^ii. ^*UiPi3iZ n> m 

(CMOS) tmcx-frZo lONTFTJjiVP 
TFT©fl|*©y-^fe5VMiKKVI±, itl^'in. 

PTFT©y-^fc5^liKM ^IC 
to £)^£*VO>-5. ;roS2©NTFT, PTFT 

Y m +li:Y m tiIJtltV^. J^l^ S2WNT 
FT, PTFTO^-f httfftt. ttl^tl. «**Y 

i. X2, . . xn*, A-S-ftK, fcsvMiiBS'JKXi® 

£«fctf, SfJiYi, Y 2 , . . Y M Sr, M^t^ *> 
5^J4f@S"JfcY^i: J;^„ mx&, ®^W=¥-^^^ 

zfrhzt, -mx-*<tj:<o. &K.*xm<D£5\z. % iir 

**s5 £-t-$*MHfc*5W*-Ctt. iliK©{&TSrffl< trot? 

30 wtft^Sriai (b) *5«J;u 5 ll]2^ffl^^TI}iPJi-5o c 
C7 H y>^lel8gf4Bl 1 (a) ^$^5^5'*^^ 

J:VY«H::HJa**i.«fi*«EO«t»*:Hl (b) fc* 

i"o {f!ltU-C, 4 0 0 x 6 4 Oco-7 h V ^^$r%x.5. 

[0 0 2 0] X^»dEPJtlP$^Sm^-«, 0!l^(iX n i^cD 
S-^-fi, V (X n ) T»*$ix53*s. ^ixfi, M1»T-Ci^ 
t)5I$tu^t>i:*i:* ?)^/- ? /v^.(o4 j m,H(4 2 5 6{@ 

40 $ tj^-t'©2 5 efflw-y-^^^co-tir-eixfi, 4 0 0 
<BcOS^i6SAofc/"?/l'^.?iJA^tilJ5S;^4 w bTV^ ^ i 
A^. 4 0 0 i ^ 5 SSc^li-v h V t *<T>'<rs%irQ 

liT=3ras e citM, 2 9nsecT?fc5, 

[00 2 1 ] Yi&Mcfi, 5 6©f a 1l:, 

@©V (Yi) , V (Y m ) , V (Y m +i) , V (Y 
4 0 0) T*^$H5<t5^^- ? /i'^ii5, -ttu-fixcD^-r 5! 
>-yz-fbLXft)1m£ixZ><, rco/>Vv-^f±, ±lEXi^fc 

so m&toZo Mm. ^tttTwr B it-i4, *y^»c(4, 256 
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[0 0 2 2] %%h<D®%i<D®)<fe*m2\Z&<5\,*X 
IftPJ-rS. .41*, .% 1 (DD-7s</ux&J:ft,?h,<DXmz. 

»C, /^^ASft^OtiY i, &KY 2 tV^5 «t 5»-JH*»- 
EPJJD;S*VC«$><„ S1\ /<^4SY i CEpiPSixfc't * 
fc**.*. H*Zi, i lctt&3;ix-C^£. 

Ti'r-f^liOFFtit'iS, Y i «4 

©7^f^yi^<04oOTFTCH, ±OPTFT 
iTONTFTfiONtffBtfc!?, =P:fe<D>r 

kt£Z>. -f-fc*>*>» <r>?^t)X x la4©JEj&s*» 

aq*>5*-e«r*rt-3. IBI«fc, Zi, m1>Zl, m+1 20 
tZi, 4 o ot».«EEttlSt*5. 
[00 2 3] r<D«t5t-UT, ^Vi^j&sjiI/rfcFPflp^tL 
•C*#. Y m fcW*S*ifc*ft-&#*.5.>, 4o©I 
^ z n, niN Z n , m+ 1 > z n+l, m* Z 
n+1, m+ 1 K&g LT^S ilhixfi, Xnfci^X 
n + l©^KOf-^^W^CDm#eJaJ:T/ (m+1) # 

l©-e&vMZ>-e, dw^z n , m , z n + i, m ttSffi (ft 
m) tSICii. Y m+ i^/u^4SSPAP*ix 

£DT\ rw^-tiii^Z n , . m+ is Zn+l, m + i 

[0 0 2 4] ll]T-^i«BS$^^•CV^S34^ Sf?2 4>f- 

km#g*5<fctf (m+1) #B#mffitt1»-C*a»ofcfc 

e>tf. fii±4o©H*tt3i*tt 
#*E:i*«**iRi:a. » (h-D o-y-y^ 

[00 2 5] f-^NVw^^ifiA/T\ -IhOt^* 4 o 

/i"* # Jfcfc t <£> i i" -5 . El TM4*S$ft £ Sr&l* 5 * m 
*g*J.fctf (m+1) #SEWM4€B&Lfc. iwij, 
x n tx n + i fcrntsiitEW-e^^wt, i®^z 

n, m, Zn+l, m ttttJE#*&ttl(M-a. L*»U 
X n+1 CI4 (m+1) Sg^SJE^ffi-CfoScDf. H 

n+1, m'+ltt. T^X-f yjH-Offl*«l«E*»? 

[00 2 6] $ £>fc, i (D^^^W^^Jfefci: #IC so 
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tts X n W (m+1) &BtiMJ£#Mttt*3lte>-C Z 
n, n+ l<D^m*tlitt^^$ix?io WT, %jtSXXf 
mk<DD-7'<;i'*\zt6\,^X, ^ix^eix. X n + i. X n 
OTm#g#SJ£#flg£&ofca>T\ W%Z ni m , Z 
n + 1 . m0%W*ffit**-?*l-?i"b. &k , 35 j 

T. El 2<DV (Z) Id^-f J: #Sj^ritcmffi^c 

[0 0 2 7] COJ:5 4»ff**l9 3Si-wiJcJ:9» & 
HfcfcaiitoSWE'^^oHSrBIl (a) ©J:3fcffiK 

[0 0 2 8] £t±©IMPJ*»&3lJ&a»*J:5lc, 

IWjWBI*-C*<, LTf4, «Si-A/if^co&^t> 

3. £5>fc. Km**?**!? -*1-<:*-*fc»fc, 

n U"</vt^jEu^</V'5rKSttr Lfc**, rax fit, ftfciSfc 

5I/M4T F TCD b# i/^«EE*T-e*>5*\ . U±r*ibZ> 

mffi:f4tt#O^W«{£SrSiPt LfefflW 

fc^>5o JW±Ofi»JX'J4, WffittltT<Jo)B|»=*aE 

^HTV^ofc^s, f^Yj, Y 3 , Y 5> . . . 
: 5i5^*ffiL-. Y2, Y4, .Ye. . . 

^^if4»5*T*'b^V\ 
[0029] 

t*Srf^iSbfc<OT% *©IftWSr1¥5. *fc-t©WOTF 

[0 0 3 0] ^<D®&ffi]&Kmi&irzm®iv>mm?$<D%z 

*||0JS:IIJSi-5fc«)t-f4. low 
®W;NTFTt PTFTi^o-ioMTfeSiOf, 
tf4o©TF.TS:Eltc^i-iJ % t8BMk©fc».»-. ##-f4 
NTFTtPTFT©-*l:^#l,tTOt5. El 6 
(A) tia^T, ^3?^7^^©S!IBT?*1'' , 7 0 O'CW. 
T> «*.tiJl6 6 0 0°C<D^«iSlc:W^#5^7^ 5 0 ± 

>*^15 1 t L"C©BMb3S*fflli 1 0 0 0~3 0 0 

0A<Ol?$^^S-t-?). 7°n-fe^^#»4^ 1 0 0%# 
MifiSlSOt,. m^34 0 0~8 0 0W, l£t) 

o. spat ufc. ^-y? hfc^aisfctt:iMs&->y 
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^ V«rfflV^*:rtBt*«f±3 0-1 0 0A/^ofc e 
[0 0 3 1 ] ro.hlCli/y^V'KSr^X-eCVDttK: 
<fc 5 3£§?IJB£ 5 2 Lfco dUK&Att 2 5 01C-3 5 

0 < CT*tT^*llt£^J'Cfi3 2 O^t ^/^^ (S 
i H 4 ) SrJB^fc. */*>9^ (S i H 4 ) 
v^yV (S i 2 H6> ifeM^y (S i 3H 8 ) 
^ffl^Tt <fci\> mfeSrPCVD3g«rtlw3 P aOff 
^t*gAt, 13. 5 6MH z<Oi«j^i5£fl;^Sr*Px.T^i 
MLfc. ;©B, MftWtto. 02-0. low/ 

cm2^3atfct), *HSfe0*JT*(iO. 0 5 5W/cm io 
2£/8Wc 0 £/c, ^/^y (S iH4) <Dffi.A\Z2 
OSCCMtU tO»©J5Hi*K(*jBl2 0A/»'e 
fcofco PTFTtNTFTt^Uyv'^-7VKIi 
flE (Vth) «r«l»iai— tMHWt-Sfcft, *9**r^# 
7^1,^ 1 x 1 0 1 5 — 1X10 18 cm - 3 ©2§ 

ii^^Iln' yf ©riJR l-fi^cOT 0 ^ X-r CVD 

[0 0 3 2] */*s'*i&-Cfr5 4§'g\ ^^V*tft<o#JE 20 
5:lxiO" 5 Pa SXTh #*gfiv'll aV'Sr^— ^ 

yhtit, tw^m***- 2 o — 8 o%iiAtfc# 

H^T'trofCo 0%, 7KS8 0%tU 

fc. ^Rilftttl 5 0*C, «S*ttl.3.* 5 6MHz, 
^/N°-y^m^fi4 0 0 — 8 0 0W, JE^jtt'O". 5Pat? 

[0 0 3 3] «Eft*Bft"t?»tf-t-S»^, feafldt** 
Hi 00-20 0tfi^4 5 0-5 5 0°C, ^J^fiS 
3 0°CT*v ? v'^> / (S i 2H6) 'SfeliHIV?^ (S 
i 3 Hg) SrCVD3S«fc«l6UTric«Ufc. RtfUFrt 30 
EAtt3 0-3 00PaiLfc, /SJRitStt 5 0 — 2 5 
0A/#-Cfcofc 0 " PTFTiNTFTtO^Ur^ 
*-;vKtBE"(Vth) SrMBS IrI - ^ffilfti-r 5 * 
^Srv^^Srffl^T 1 xiol5-ixiol 8 c 

[0 0 3 4] m&<0*jfelcJ:o-C»J«*JxfcaB«4, 
8S4S5X 1 0 2 1 cm~ 3 WTt*)5:tA s ffil 
u\, «SiIMfc&Sibfi£*5fc»Ktt* »*J8SSf'7 x i o 

1 9 cm-3^T> #SL< ttl X 1 0 1 9 cm-3« 

He J; 9 *7«ffll<0 y - * mSft^WP IT L£ 5 fcft. 

0 2 0 cm -3tfe5, I|4 X 1 0 2 2 cm - 3 i:L 

[0 0 3 5] y-^, K/Wf >>fc#LTJ:0*£* 

ttJKS^Sr 7 x l o 1 9 c m" 3 
' ETF. SfiL<ttlxl0l9 cm-3jJiTt U 
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tyaAft^i9 5xi020-5Xl021 cm -3 

/W7 7 *ffl&<n$kfflg& 500-5000 A, *HtS^J 
-Ctti 0 ooA^S$l:*iLfco 
[0 0 3 6] -tfl>gL 7t M^^h53S:v^^Pl 

ttii^5S«K5 4S:^S!bfc 0 jswauftt2 5 or 

-3 5 0*C"C*5r*V\ *3at«"CHt3 2 Oti U * 
J*S7> (S iH 4 ) t^ty ^7^-^07^-77^ 
V ( P H 3 ) 3%»ftOfcOSrffit^fco rJt^SrPCV 
DS6«rt5P a©ffi*-Cfc»AU 13. 5 -6 MHz© 

0. 0 5-0. 20W/cm2^I^tfe«9, 
T*fiO. 1 2 OW/c m 2 Srffll^fco 
[0 0 3 7] r©*fet iotUJ*±*ofenIi/y 3 
>-gCDJfcig®3M4 2 x 1 0- 1 [Q cm" 1] fl&ifc 

5, 5 6J:Mlfco 

[0 0 3 8] W\m<0-fu±^m^X^ pSogttSSr 

HWtufc. *«>«te>»A#*tt* ^/->7y (s i 

H 4 ) ^/'>7y^^7>(B 2 H 6 ) 5% 
»aW>t>©«r/BV**: 0 ^tbb4rPCVDSBrtt-4Pa 
^ti:$Al, 13. 5 6MH zOmfflfeWtJlZto 
^T^JKbfCo r<&K^ *«afe«^J»±0. 0 5-0. 2 
OWAm2#aat*9, ***«"ett0. 120W 
/cm 2 Wc 0 r<D*jfetJ:oTa*±39Sofcpffl 
'>!layIOJti|SW5X10-' 2 (Qcm -1 ) fl 

9, 6OS:JI0j*Ufco -t^flL -7^^P3Srffl^TSi 

^#ffi7-f?yK««6 3 £ Pfir^H»ih5^ 

[0 0 3 9] ^OftX e C 1 x*i/-7l/-f- Srffl^ 
y-7 • KW^- f-T^- 

130mJ/cra2t fctt 2 2 0 

m J / cm 2 &&Wktj:ho L*>U SSH2 2 0m 

j/cm 2 JWJico^^^^-^ss.tt-rst, 

J/cm 2 T*7K«©ii^tbLSrtT^o/cm, 2 3 0m J 
/ c m 2 TiS £41: Sr *5 r * o fc 0 
[0040] £ *>±fcK<bS*K*:'S'V HftWKt UT 
5 0 0 — 2 0 0 0 A#Jxtf 1 0 0 0 A<0J?StCjgj«U 

/c 0 y*^?mk Lx<Dmit&mm<DttMk 
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10 04 1] Ctf>&, r«±ft'J(-y X#i~5 X 1 0 
2 1 cm-305Sg»^Aofc->!J 3>K*fcli^»>y 

aygifoll^^Ty (Mo) , 

(W) , MoS i 2 *fcliWS i 2 i: CD#JUg&ff2j5)t L 

T06 (D) NTFTffl©^ MS6 6, P 

TFTfflco^-T Vm,me 7 Sr^Lfc. ■YJM' 
ft 7 M m, y-f LTD xK-7Tl**rO. 2 M 

m, Z<D±.\Z*r}) y-rVSrO. 3 J^m<DJP$^£fl2JiJ^L 
fco IHWfc. Etl 7 (A) EaW-.fc5tC. hBE^6 5 
4r*^K:aMTL.TKa*ixfcBlft6 8 i^L 

[0 0 4 2] y-ht««*fi:Lt7^;=j'A 
(Al) *rfflv^fc»&. ;iti,«:JB40>7* W**P4 

y-fc— hJcifiv^tttci^-r 
5^t *s . ^UyVa*-* KttiE 

©i&fl^b $ fel-T F TCO'fcttSr-tff 5 r t tfXZ S 0 
■ [0 0 4 3] i)*<-tZk. 4 0 0X:&.±\C-T-<X (DILU 

[0 0 4:4] 06 (E) lc*5^t\ JfM&tlt& 6 8 £: bu 

fc. ^<Dmitmmm<DMmiL pcvds> *cvd 

fe, vtJ£CVD*fc£ffl^T'bJ:V\ > #J;U20. 2~0. 
6Mm©I$tML., ^5ro7*h-7^^P 

A«y*jfefc,fc9}|*j* L»6©7* h^** P 6 3rffl^T: 
y — K7 4*5,fctf =>V*? H7 3, 7 5 £f£8¥ r. 
5L-C, BI6 (E) /- H7 (B) tO«. 
«r¥afl^MWi«/IS 7 7mtfi8#t4#y-r 5 KHMBfc 

ASE-ftJSJ-SrO. l //inrojf^tc^^s/^tfefcj;*)^ 
L^8tD7d- b-?*? P 8 SrfflU^TB*fl&BI7 1 ZMrfL 

Lfc 0 :o i Toii^?a~ i 5 cc-ej&B&u 200- 

4 0 0t©M**fctt***©T=— ^fc:J:0J«JtL 

[004 5] 16 (F) iBL7_l£l_Sr» 

fc 0 El 7 (C) co A - A ' ©BfrffiEl§rE)7_iQlJ-^ 
+■. nmiz\i. ;oitiSWt»fcii^t, 

7)SK»te>^ eu-^-tj: e» td, >ftisim®tii*^7 1 

£5. **u£l*Mffc»tt6 8 

7 i ©MtetJMBsaa^t*. -^lt, ia&6 83r*t 
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fanMkmmtiLlz&^Zk\c£oX. i4lOTLfcJ:5 

t, EK6 BUW HS»6 StWtfcSOt, 2ffi 

[0 046] rroi5»-L-CJKfife$HfcK^6 8 

fi, i*LT*ffl$ii5l8^i:tt, #7hy#^B»o 

io ^BliaiBgfi, mxo»c^$tvSJ; Jii2©fgiblH]gg 
bmM<om\z.n»hfitz.mx^bMX^X'7r-^fiiXo 

iftSllHltefi. ->!J =>>■©<£ 5& K-t^^Stifc, &5 
WiK-t'v^£ftTWil>^##m\ I TOW J; 

[0047] ;:©rifi, 0tj;ifi, EI_l-l©{fcfIlH]g& 
20 >&S X NTFT^PTFT, *>5 VMi-tix^ *ht>-£tcC 
/TFT Xffifc $ ixT t ^ S r. t *» fe W A^T'fc 5 5 . 4 
• fc, .B^O«aiiaiSH:TFTtt«ffl**u-C.V>*V^, 

fc, .jlJIcS'xt-tllSrSfttS^^ Kf±N 1 N ^ 
P I P v N P N , fcSVViP NP tV^ofcflfiiSrWU, 

fe^ffl-T 5 r. k t: J: o Tff« $ ix 5 5 r t ttwmx$> 
5o 

[0 0 4 8] $ "C, U±<DX 5t-UT#P 3 HfcTFT<D 
so t*WiW»ttttPTFT-C»IWEtt4 0 IcmVv 
s) , Vthtt-5. 9 (V) "C, N T F T X'&W)B£i~t 
80 (cm2/Vs) , VthB5. 0 (V) T*fco 

[004 9] ±E«3«?5C*|fete«oT^»**l7t«** 

«8W t J: v^-^ *«|J*+* TFT 

Yi iY2©KI, ■ *JitJ ? Y2i:Y3©PpHc:, ffi^ 

40 FTfcffl^fe? h y ^^fllfiK Sr.* - * L ftfc. A»d»5fl|jt 
. Srfc*, ±Ttc^«9jSi-rttCj;t), 6 40X48 0, 
1 2 8 0X 9 6 0 t^ofc^B^WjSaS^^ai-t"^) 
r. 7)5 -e# *jlJ£^!lT-« 1 9 20X40 0iU: o 

[00 50] WLj7<Dm®.e>ttmttk&®l 8.(C^-To 

^9 ©7* hv^^P9 &m\t*X77 v#Xh7'(7'8 
lSrfftilUfc. tea. *feffii|sfS:)l-§-bfc,-Ky W 5 K 
so tttflgSr^f ^a— 1- ./im©**fcj«BIU 
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3?1 0«O7* h-^^^P 1 0 5:fflt^#fe7-f^-8 
3Srf£8UL*:. U?^^ P 1 1 . P 1 2 

!i 8 9 SriSW'K !!•{ 5 K 

[00 5 1] ^tl^tt^ I TO W^v^- 

Agfft:^) £0. 1 nm(Dm-Wzx;<y$'mz.& VM&L 
LS10«7^ P 1 0 5:ffl^-C*Ii®9 OS: 

JK^Lfc. w<D I TOJ±^ta~l 5 Otf^IU 2 0 
0-30 OX:<D&m&tHtt%$(DT ^— Mc£<Qf&WL 

[0 0 5 2] UtTiEgtg-hK, hjfeSrfflV>T, ztf 

tpl-Ta 5 O'Cl^ra^Srtrofco 4**P<D7 
fcr:^«fc*J8^-c. #y-<5: K*ffiSr3fcft'U 'Pte<b 
ttOJW»-*iV^T» -Wft^Sr— S*lfllfcBBl«(l $-er6#S 

[0 0 5 3] lijCJB-oSStJRiloaKKJ: 

mm i ci#a«t, 'mtteasr^rt-s p c BtrttsR 

9R ^EMp-f 5 r. k t~ <fc 9 ttB $ titc 0 • 

[0054] rstttf 2 j] *nite^jT?fiia 4 k/tW- i. 

£f£S£Lfc©-C\ ^rWiftWSrtTp. *fc-?:<ETOT 
FTfi, u— tf-T=-/wSrffl^fc^^^y avt U 

[0 0 5 5] KTT'll TFTgB#<Df£§!f;£i£l;io^T 
Iil9.fr ufcd5oTlExEt-5„ m_9_ (A) lJr*sv*-c, ^ 
tfy^oigii-eftw o o°cti.T. ^(ffieoot 

Of?ft^a(-Bx.#'5^7^ 1 o o±tc^^ hoyRF 
^^^^ftSri^xyDj/^y^ilOlt 
LT<OSf'(t;S*JBS: 1000 — 300 0 An'mZ^ftm 

-t-a. T'n-t^^fi^ i o o °/o&mfs.. f&mum 1 

5 0°C, Hit) 4 0 0~8 0 OW, £73 0 . SPatL 

^-y? Mc^&S v-y =>>-£ffl^fc/£ 

I8ti§att:3 0~i 0 OA/^T-foofc. 
[0 0 5 6] ioll;i/!J3yI?r7 , 7X.-7CVDi£lc' 
J:*)Stil0 2^SLfe c j£M&&tt2 5 0t~3 

5 ccT-tTv^mSM^ns 2 ott l, ty-^v 

(S i H4) &/tHvfc.. *;*S7\/ (S i H4) t-Pfi^ 
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-f . V (S i 2H6) *fchy->7^ (S i 3H 

8) 4rffl^Xt>J:v\ rti^&PCVD&firtl;: 3 P a 
<£>ffi73t?^AU 13. 5 6MH z ©fsSJlflS^lSrflPx. 

T^Lfco z<d&. mm&njjtto. 02-0. 10 

W/cm2 asjg^ 9 , *HS6^J-C« 0 . 0 5 5W/ 
cm2?:ffl^fc t t;->7y (SiH 4 ) (Dffim 

li20SCCMiU *<D&f(Dl$m&m*ffil 2 OA/ 
^T'fcofco PTFTiNTFTiC^Wy-ya*-^ 
K®JE (Vth) tefWap-fifc*, *!7§ii£- 

10 -^7^ffl^tl x l 0 1 5 ~1 X 1 0 1 8 cm -3 

[0 0 5 7] *s<-y$mX'?T oWiS. X'<-y*ffi<Dl%&. 
Sri xi 0- 5 PaEiTt U *fSiSfr> y => f 
v V t LT> TVV^VfclzMlf*^ 0~8 0%SALfc# 
ffl^-Ctrofc. •0S*.fiTA':*>'2 0%. 7K^8 0%i L 

fc. ^itfiAa 15 0X;, mfemn 13. 5 6 mh z . 

20 7>/<-y$ tH^j (4 400 — 8 0 0 W, 1E.7J tt 0 . 5Paf 

[0 0 5 8] «ffi»THSt-C»J5Jli-5'»^» 

•3 t> 1 0 0 — 2 0 O'CiSl/M 5 0 — 5 5 0t:> #Jxfif 5 
3 0tt^->7V (S i 2H6> £fc»4 MJ-^y (S 
i 3 H 8 ) Sr C VD»ittt» UTriW Ufc. H^^rt 
JE73(i3 0 — 3 0 OP a i L^c„ figffi3S^H5 0 — 2 5 
OA/^^ofc, PTFTiNTFTiWV?^ 
*-/VKlff (Vth) Sr^tBSISl— tdfflUp-TSfcfes * 
■?*Sr^7H7>'Srfflt''T 1 x l 0 1 5 — 1 x l 0 1 8 c 

[0 0 5 9] Ztlb<Dj}m\Z±^XMf$.&tltc$imit. 
&m&5 X 1 0 2 1 cm-3ti.Tt?fcSr i U 
i\ ^^Sribft$*5fcfetctt, ^SSSr7x i o 
1 9 c m~ 3 gAT. L < »i 1 X 1 0 1' 9 c m- 3 J£A 

V\z&y*7Wffi<r>V-*nffitfmMLXls-£otzib^ 

T--/i>B$P^SrS< L*»ttbtf*5>3iCV^ **i±4 x l 
40 0 2 0 cm-k-JjO, S^4 x 1 0 2 2 cm -3 ^ t 
T tblSS-T 5 i 1 "C c fc. 

[0 06 0] Sfc. y.-^, KW v»c^u-CJ;»)^^ 

^Srl*jft$-&5fc», ®E^jgSSr 7 x 1 0 1 9 c m~ 3 
WT, ifSL<ttlxi0l9cm-3filTtU 

tyaAffilCi "9 5 X 1 0.2 0~ 5 x l ;o 2 1 c m - 3 

fry 7 xVtffl><Z>&Mm* 5 0 0-5 0 0 OA, #Hffi0iJ 

i o o o a <dw $ iz&m ufc„ 

so [0 0 6 1 ] -5-<0^ N y* V u-/^ h 1 0 3 Sr-?^ ^ p 
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1 £ffii^-CNTFTtf>y— * • KW^ii'i^t 

«fc«J. 2X10l4~5xiOl6 cm -2 i jffJK 
ii 2 X 1 0 1 6 c m - 2 ftA L, nS^fM^® 

1 0 4 SrJfcffeLfco t'-^ I- 1 0 3(i^*$H 

10 0 6 2] l^v?* H05 Sr^fli U -v* * 

P2£flH'>-Tr, PTFTOy-^- KW lsffl$,bt£%> 

^->'&AifeiSrfflV>r > 2 X 1 0 1 4~5 x l 0 1 6 cm 
-2 1 JfiL-<li2X10l6 cm -2 tt». if®.®* 

^Abfc. ^<Dj;5»-U-Co 0J. (B) 
[0 0 6 3] ^:<D&. 0 2 _hfc. f$50~3 

0 0 nm. Mz.t£, 100nmO8<ki$|j(Il07 
Sr. ±iEtf>RF*/<:/*fet;iJ:oT^j£L/t <> tLT, 

A^-tJS l30mJ/cm2-C, JBU^ffc^i^i-S {£ 
l±2 2 0mJ/cm2Mgi:<C5. Ld>U S:^* 1 ^ 

2 2 0mJ/cm. 2 K±Ox^;Vdf : -SrIltt5t> J8I 

5 0 m J/cm 2 T-zMf<Oi£^mL§rtT&ofc*£, 2 3 

—T--^mT&nmik&mm 1 o 7 <o 

[006 4] 7*h-7^^P3t < tot 1 T-f 

7>KtONTFTSlSl 1 1 iPTFTtligcl 1 2 Sr 

LT5 0 0~2 0 0 OA0iJx.fi 1 0 0 OAffll^CM 

[0 0 6 5] Z<D'&. -W±{|iJ^y V# 1~5 X 1 0 

^>J^i:^<D±(C^y (Mo) , ^V^f^V 

(W) . Mo S i 2ifcliWS i 2 tW^g^Sr^U 

TI2_9 (D) £1#fc„ NTFTffl»^ hWEl 0 9, 
P T F TmWJ bWMl 1 0 Srff^ Lfc. m^fif-f 

7^m, -7*-f i: Utyy K-:/3£iif £ 0 . 

2 Mm. %<D±\Z*}) :7W£0. Z n m(DWZ\Z.M&L 

[0 0 6 6] Z<Dmm<Dimt Ltii, ±ieww^^ 
let, Wx.liT/V5-^A (A I ) Srfflt^r tt>"Iie 



^5 

[00 6 7] Kt5t, 4 o o < cy±»c-r^'c«oim 

[0 0 6 8] El_9_ (E) t*J^T, mfJii&mVol 13* 

fc 0 rw®f^S^JKO^IiLPCVDi£, TtCVD 
fe. ^ffiCVDfeSrfflV^Tt i^o MZ-tiO. 2-0. 
6 M m<Dff ^{r^L-, ^Of, S507*h?^^P 

5*m\,^xmMm<D&i 1 7=&ff^Lfc. -erotg; £*b 

fcm, *ffifc¥»fl:fli#»ttJ]Bi l 9, «*.tfiS*tt* 
M -f 5 K*MB*rafllr»J« U RS©mffiftfc«;&J& 7 O 
y± P 7KXftotc 0 $ I 

TO (^Vv^ABMbffi) £0. UmOf^lcX/>V 
9Ml^8©7t hv^;?P8 Srffl^TH^ 
1®1 18 4rf^Lfc„ I TO»i^ia~l 5 O'C'C 
fi£^L, 2 0 0~4 0 0'COgESifctt^4 I <07-- 

so [0 0 6 9] #6»tufcTFTcom^/ < <:#ttfiPTFT 
-C^tb«tt3 5 (cm2/Vs) , Vthli-5. 9 

(V) T\ NTFT-C^|ibSfi9 0 (cm 2 /Vs) , 
V t hl*4. 8 (V) -Cfoofc, 
[0 0 7 0] ±IS©«/j:7f}fe(i : B6o-Cf^K$^fc^a« 

mum-(o&mtm-<omm^x^x, 
•y?m$kmj&vo*&mL. mwz^#*>'&&mmKx 

H^tfc. IiR±©y- KfcTABJ»«C)B» I C 

+ 5 ^-a. —7-- Sr^icL, mmiT-is^k LT^$* 

ot, *H»KlRl**«»*»iftil3lll-PPiP-t-Sii:t 
[0 0 7 1 ] 
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t L-C^So *<0%)%:t U-C. #J;Ui6 4 0 X 4 O 0 K 
l«\ ■&H-2 5 6, 0 0 0<@©TFTl"'<T<DiRM4£fi5> 

nasi*. ^Sfjsr^it-rst. i 6Pgtaa^Rg#t 
ura**-*- 256 Kns^eJi±«>Ptmx 

FTOWtttffc'oSlctS FgSiWigBfe £ fi£ < 4 < 4 
t) s Lfc*5o-C, TFT<DfiPjO#36S'>*fooTt>, @ 

fitf feo£ eD^fc^T F T Sr*#5 fc#>K@ftT#@ (9 id* 
JBa»ofcflD»C*tU WWKi^T, TFTW^gOiiS 
SK^IHJHi:$;h,ife<ifeofcfc*. ttfias«©#* 0 r± 

[0 0 7 2] Mx.tf6 4 0X40 0 K'7h©2 5 6, 0 
0 0fiOTFT?r3 0 Omm#l:Mt«lt^f 

TFT<D*H£ff ?)Ot* 5 l<J± 1 0%#fti-5fc*»c:, 1 
*^fiBfc4 9*9— **-Ctt«://i 1 6. 7 7 7, 2 



(16) 

l 6|»n-C(lB]KSrSi-S. 

[0 0 7 3] *%BJ<D3li£ei|-C(i, *>!> a^frJBVVfcT 

FTfcH*tflWTt5. ^^y/W=>>A 
wm^#fbStt3 6 00 cm2/Vs s t^WiS.^ 
1 8 0 0 cmW s *filiVj3VOtt 
io ifjST'l 3 5 0 cmVV s , *-^iftt4 8 0 c 
raVVs) ©W4«r±0o-CV^5fc«>, KiilbfJ^g 

[0 0 7 4] *««©fiaif 

55c 
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